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a |. CONTINUE THE FEDERAL — - 
HIGHWAY PROGRAM 


> 


EPRESENTATIVE Wilbur Cartwright, of 

Oklahoma, chairman of the House Commit- 

tee on Roads, is sponsoring a bill in Congress that 

provides for an additional appropriation of 400 mil- 

lion dollars for highway construction in the fiscal 
year beginning July 1, 1934. 


@ This measure, if adopted, will have the effect of 
continuing the federal highway program author- 
ized by the National Industrial Recovery Act. 


@. The Cartwright bill is of the utmost importance 
to the friends of road construction. Because so 
many states have diverted their gasoline tax and 
automobile license funds to other uses, many state 
highway departments will have little to work with 
if left to their own resources. 


@ Little can be done toward correcting the situa- 
tion in the various states, because the legislatures 
of forty-four states do not convene until next Jan- 
uary. Until present emergency laws are repealed, 
the diversion will continue. 

@ Representative Cartwright and other Congres- 
sional friends of highway construction need your 
support. Give them that support—expressed in let- 
ters and telegrams. 


Brand of 
WIRE ROPE 


bears a 


SILVER 
STRAND 


THE MARK OF SUPERIOR QUALITY! 


As exclusive as the identifying ‘Silver 
Strand” is the superior performance and 
economy of Monitor Silver Strand Wire Rope. 
Made of the highest quality steel, it is 
brutally strong, to whip the toughest kind 
of jobs—while its great abrasion resist- 


ing qualities assure far longer life. If you 


are interested in lower operating costs and 
greater efficiency—if you want true and 
proved value—it will pay you to learn in 
detail what the ‘Silver Strand”” means. Take 
advantage of the money-saving consultation 
service offered by our distributors and 


branch offices. 


AMERICAN STEEL & WIRE COMPANY 
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SILVER STRAND WIRE ROPE 
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Rehabilitate Old Commercial 
Buildings with Reinforced Concrete 


Consulting Engineer Urges Revival of Former Practice— 
How Wooden Floors Serve as Forms for New Concrete 
Slab—Nine Steps in Procedure 


By DR. E. LEE HEIDENREICH 
Consulting Engineer, Kansas City, Mo. 


NE form of private construction work which, in the 
author’s opinion, offers a definite opportunity to 
firms of consulting engineers and architects, is the 

rehabilitation of old business and apartment buildings. 


Fireproofing as Well as Rehabilitation 

Most of the buildings of this type were built years ago, 
mainly of wood joisted interior construction, so that their 
structural rehabilitation involves also their fireproofing. 
This is true because the logical type of construction for the 
new interior is the slab type of reinforced concrete floor 
supported on reinforced concrete columns built within the 
old exterior walls. Interior columns of the same construc- 
tion type are necessary, of course, where the building is too 
wide to extend the floor span from wall to wall. 

Because of the fireproof type of construction employed 
in such rehabilitation, vast sums may be saved annually 
on fire insurance premiums, both on the building and on 
the contents. 


Many Old Buildings in Every City 

Buildings that offer exceptional opportunities for re- 
habilitation include the numerous old types of wholesale 
houses, warehouses, apartment houses, printing plants, 
storage plants, and so on, found in every city of conse- 
quence. Most of the buildings of this old type of con- 
struction are either three or four stories high, though in 
some cities they have been built as high as six stories. 
The apartment houses are mainly the three-story walk-up 
type; but some cities have in times past permitted the con- 
struction of buildings for this occupancy to heights greater 
than three stories. ie 

Some years ago the author’s engineering organization re- 
habilitated a number of old buildings in Kansas City, in 
the manner here described. Some of those buildings and 
the method of their rehabilitation were described in engi- 
neering magazines at the time. There is, in consequence, 
nothing new about the idea or the methods employed; and 
of even greater practical importance, there is no patent 


covering the method. 


Owners Now Willing to Listen 
There was a time, during the so-called period of pros- 


perity of the last decade, when owners of such buildings 
and heads of firms occupying the buildings were not in- 
terested in the rehabilitation of old structures. If the 
owner of the building considered the question of construc- 
tion at all, the only plan that entered his mind was that 
of tearing down the old structure and building a new one 
of larger size. He could easily borrow the money to do 
that. If the occupant became dissatisfied with the old struc- 
ture, he moved into larger and more modern quarters. 
Under present conditions, however, both owners and 
occupants will listen to proposals to extend or improve 
their old buildings by means of a reconstructed interior, 
and the construction of additional stories if more room is 
needed. The addition of more stories is a simple matter, 
since all the new construction is supported on the new 
reinforced concrete columns, which in turn are supported 


Inspecting reinforcement before placing concrete. Old 
wooden floor serves as form work for new concrete slab 


on independent footings. The old exterior walls are, as a 
matter of fact, relieved of the floor loads they formerly 


carried. 


Method of Procedure 
To illustrate the procedure to be followed in work of 
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this type, the following numbered paragraphs explain the 
various steps in the rehabilitation and fireproofing, some 
15 years ago, of the three-story warehouse occupied by the 
Manhattan Phillips Refinery Co., of Kansas City. Recon- 
struction specifications called for three new floors, each to 
support a live load of 300 lb. per sq. ft., and a roof to 
carry a live load of 50 Ib. per sq. ft. The method of pro- 
cedure, which follows, was quite simple: 


(1) The foundations were underpinned with three steel 
rails, forming reinforcement for an additional 3 by 6-ft. 
foundation slab on the side of the old foundations. Col- 
umn steel reinforcement was put in adjacent to the old 
columns from the basement to the roof. 


(2) The old building had 2 by 14-in. wood joists spaced 
14 in. on centers. Every third joist was taken out, and a 
groove or slot, 6 in. high and 6 in. deep, was dug just 
above the old floor along the interior face of the brick 
walls of the building, to receive the new concrete floor slab. 

(3) One girder was then jacked up at a time, to relieve 
the load on the corresponding wooden post. The post was 
then sawed off 5 in. from the floor, and a 2 by 12-in. wood 
block was slipped under it and tightened up with a wedge. 

(4) A cleat was spiked on the post 14 in. below the 
girder, and a double 2 by 14-in. joist was spiked across 
the post under the girder to support two 2 by 14-in. joists 
placed under the old floor joists from post to post, and 
set 12 in. away from the old wooden girder. 

(5) The old floor joists were then sawed off along these 
two supporting joists, after removing the old floor sheath- 
ings within the width of the new concrete girder. 

(6) The underside of the form for the concrete girder 
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was then placed and secured at the proper level, a %-in. 
board was tacked to the sawed-off posts, and the girder 
steel was placed. 

(7) A similar procedure was followed along both walls, 


after which the forms for the new concrete pilasters were 


built of some of the 2 by 14-in. joists removed from the 
old floor. Only every second joist was required for support 
of the fresh concrete to be placed. 

(8) The steel reinforcement was then placed on top of 
the old wooden floor, as shown in the illustration, after 
which the concrete for the interior columns, the wall pilas- 
ters, the girders and the floor slab was deposited. Thus, 
in effect, the old wooden floor served as the form work 
for the new concrete floor. 

(9) When the concrete had hardened, the wedges under 
the old posts were struck and the old floor was lowered, 
joists and all. 


The Finished Product 

The finished product thus appeared—a fireproofed re- 
inforced concrete warehouse. Not a single board-foot of 
lumber had been bought for form work, for as previously 
stated, the old floor served as form work for the new. 

This building was rehabilitated one floor at a time, the 
work having proceeded, naturally, from bottom to top. The 
wooden stairs were replaced with stairs of reinforced con- 
crete construction. 

Once again, the author urges firms of consulting engi- 
neers and architects to study the possibilities in this form 
of rehabilitation in their own cities, with the view of de- 
veloping some remunerative business. 


Hiow Fort Atkinson Pushes Publie Works Program 


ORT ATKINSON, Wisconsin, is setting a noteworthy 

example to other small cities because of the energy 
and enterprise displayed in pushing its public works 
program. 

While the PWA has authorized 30 per cent grants on 
several of the projects in this program, the city went ahead 
on its own power without waiting for the grants to be 
approved. 

A sewer system, a sewage treatment plant, a water sup- 
ply reservoir, a series of river walls, and other needed 


improvements, are included in the plant inaugurated last 
June. The sewer system and the sewage treatment plant 
have been completed. Other projects are still under con- 
struction. 

Aside from the PWA grants of 30 per cent, this con- 
struction program has been financed through an issue of 
8-year serial bonds bearing 4 per cent interest, and sold 
on a yield basis of 4.048 per cent. 

A. J. Koenig, city manager, is given much of the credit 
for his constructive program of public works improvement. 


Fort Atkinson’s sewage treatment 
plant under construction 
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Selecting and Driving Concrete Piles 


Soil Borings Essential—Load Tests 


Reliable 


Supply Most 


Information on Bearing Power—Selec- 


tion of Driving Equipment 


‘ . By L. R. NEED 
Engineer, Westinghouse Electric and Manufacturing Co., Cleveland Ohio 


| YROM their introduction to the construction industry 


some thirty years ago, concrete piles have steadily 

grown in favor until today they are very commonly 
used. Their application presents peculiar problems, each 
construction job usually being considered from the view- 
point that the size and type of pile is indeterminate tntil 
test piles are driven or test borings made. 


Must Learn Character of Soil 


One of the first problems is to determine the character 
of the soil into which piles are to be driven. Test borings 
usually indicate whether piles should be of the friction or 
point-bearing type. As implied, friction piles are those in 
which sufficient friction is developed between the soil and 
surface of the pile to resist further penetration under 
blows of the hammer. Tapered piles are usually referred 
to as friction piles. Point-bearing piles, while developing 
a certain amount of friction, are dependent for good bear- 
ing power on their being driven to a hard stratum of 
gravel or rock so that the stresses from superimposed 
loads will be transmitted to the point, which will take a 
large percentage of the load. 

If test borings are not practical, a cut-and-try method 
is usually followed, involving the driving of test piles pre- 
liminary to the manufacture or ordering of necessary piles 


Sixty-ton load test on concrete pipe 


for the job. Even with the information obtained from 
boring charts, it is common practice to drive test piles of 
both the tapered and straight type unless it is definitely 
known that one or the other is required. Test piles are 
usually chosen much longer than it is considered will be 


required. 
It might be of interest to mention the results of some 


pile tests conducted on a site where borings had been 
taken. Test piles of both friction and point-bearing type 
were driven and pulled. The borings showed approxi- 
mately 8 ft. of black mud, fairly compacted by the over- 
burden and quite free from water. Below this was a layer 
of sand and gravel, followed by clay. The clay stratum 
was sufficiently good to develop the 40-ton loading re- 
quirement, but was succeeded by a stratum of watery silt, 
having little resistance, and then by sand and gravel over- 
lying rock. In order to obtain safe piles, it was necessary 
to drive through the silty layer into the sand and gravel 
just above the rock. Obviously, considerable pressure was 
exerted on the point of the pile and as a result the points 
of the friction or tapered piles were severely damaged. 
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Two types of pile driving equipment—fixed leads on 
right, hanging leads on left 


The point-bearing piles were naturally adopted for the 
job. 

Considering the load requirements, concrete piles are 
usually loaded to 30 tons per pile and often to 40 tons. 
Many authorities state that the only accurate method, of 
determining bearing power of a driven pile is actually to 
load the pile with weights and measure the settlement. 
When such load tests are conducted, it is common practice 
to make the test load equal to twice the required load, 
measuring settlement both before and after the lapse of so 
many hours under full load—usually 24 hours. A maxi- 
mum settlement of 14 to 3 in. is permissible. 


Weight and Velocity of Hammer 


As to equipment for driving piles, it is very important 
that the weight and velocity of the hammer are correct. 
Too little consideration is usually given to the size of ham- 
mer used. On some pile tests witnessed by the author the 
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same hammer was used on a tapered (friction) pile and 
on a straight (point-bearing) pile which was more than 
twice as heavy as the tapered pile. Naturally the results 
were not comparable. The test borings in this case re- 
vealed soil conditions favorable to the use of friction piles. 
The friction pile was proved by tests to be the more prac- 
tical from an economical standpoint. 

Manufacturers of pile-driving machinery will recom- 
mend proper size hammers if given certain important 


Typical equip- 
ment employ- 
ing fixed 
leads, for 
driving con- 
crete pipe 


governing conditions such as nature of soil, kind and size 
of pile, weight of pile, area of cross section of pile, and 
penetration required, 


Efficiency in Pile Driving 

Successful and efficient driving depends on the care 
taken to keep the hammer and the pile in as near perfect 
alignment as possible. For this reason pile hammers are 
arranged to slide in guides or leads which are usually part 
of the pile driving equipment. These leads are of great 
assistance in holding a pile preparatory to the first few 
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blows of the hammer, After starting, if used properly, 
they keep the pile and hammer in line. There are two 
types in common use, namely, fixed leads and swinging 
leads. Swinging leads swing from the end of the boom on 
a movable crane. They are more difficult to handle, but 
are commonly used, probably due to the ability to change 
the entire equipment quickly from one pile position to an- 
other. 

To offset the condition where the hammer is not kept 
dead true with the pile, suitable pile caps are generally 
furnished with hammers for driving concrete piles. These 
caps are arranged to house wood blocks or other suitable 
cushioning material, such as rope pads and old belting, 
which distribute pressure over the complete area of the 
head. An instance of inadequate protection may here be 
cited. Two test piles were driven on a bridge foundation 
jobe The contractor had a double acting steam hammer 
for the job, but did not have a pile cap. It was decided 
to use several thicknesses of leather belting on the first 
pile. This proved entirely inadequate and the head of the 
pile was so severely damaged after the first few blows 
that driving was stopped. On the second pile 12-in. wood 
blocks cut from a wood pile were used as a cushion. 
Several different blocks were used before full penetration 
was reached, but at the required resistance to penetration 
(4 blows per inch) the head was in very good condition. 
Examination after pulling revealed no damage to the point. 

Much more might be written on the selection and driv- 
ing of concrete piles. The subject covers a broad field and 
no doubt every application would present something new 
and interesting. However, only a few of the more impor- 
tant and practical points have been presented in this ar- 
ticle. Perhaps enough has been presented to give the 
reader a glimpse of the problems involved and the method 
of attacking these problems. 


Resumption of the business rise, strengthening the bank- 
ing structure, and improvement in public buying power 
will pave the way for revival in building, according to 
The Brookmire building and construction review and 
forecast. 


Conerete Products Utilized in Rural Sanitation 


ONCRETE products manufac- 

turers may be overlooking a 
profitable market through failure 
to develop a greater demand in 
the field of rural sanitation. While 
some manufacturers cultivate this 
market, it is believed to have pos- 
than most 


sibilities far 
products men realize. 


greater 


The illustration shows the spe- 
cial precast concrete units just de- 
livered to a Kansas farm, for con- 
crete slab and riser-pit toilets. If 
this is multiplied by the number 
of farms in the community served 
by a products plant, the potential 
market becomes apparent. 
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Rapid Determination of Moisture in 
Fine Aggregate 


Operation Requires Less Than One Minute If Proper 
Equipment Is Used in Combination with Chart—Method 
of Procedure 


‘ By WILLIAM MAYO VENABLE 
Consulting Engineer, Blaw-Knox Company, Pittsburgh, Penna. 


to specify the ratio of water to cement in the concrete 

to be used, as well as to specify the quantities and the 
physical characteristics of the other ingredients. The 
amounts of water in the sand and stone vary from day to 
day, and frequently from hour to hour. It is necessary, 
on the job, to make allowance for the water in the sand 
and stone in order that the amount of additional water 
used may be so regulated as to bring the total desired 
quantity to the right amount. 

This regulation of the amount of water added requires 
either occasional or frequent determinations of the amount 
of water in the sand and stone as it is received. The 
amount of water in the stone does not vary as widely as 
the amount of water in the sand. The testing of the sand 
for water content is therefore necessary at more frequent 
intervals than the testing of the stone, and sometimes this 
presents a problem of considerable importance. 


[ the manufacture of concrete it has become customary 


Specific Gravity Must Be Determined 


Determination of the amount of water in a given sam- 
ple of sand requires the application of nothing but old 
and well-understood principles. It is first necessary to 
determine the correct specific gravity of the sand in what 
may be called a normally dry condition—that is to say, 
with no surface water on the grains, but not roasted to 
such an extent as to dry out the water that is normally 
contained in the interior of the grains themselves. 

The specific gravity of the sand being known, it is easy 
to weigh a sample of wet sand in the air, and then to 
weigh it submerged, and from the difference between these 
weights to determine the percentage of water by weight 
in the sample. No new principles are involved in doing 
this; but the procedure as outlined is rather slow and 
consumes a great deal of time. 


Equipment and Samples 

One of the most convenient ways of reducing this work 
and making it possible to determine moisture content ina 
comparatively short time is here outlined. Its rapidity 
depends upon using a container of invariable size and 
weight which can be completely filled with water, so that 
the total volume of water and other material in the con- 
tainer is always the same. The weight of the container 
is measured so that it is always possible to weigh the con- 
tainer with a given sample of material in it and then to 
weigh the same container with the same sample of mate- 
rial but having the container filled with water. These two 
measurements afford all the necessary information, if the 


specific gravity is known, for calculating the percentage 
of water. The process is still further simplified if the 
weight of the original sample of material in its natural 
condition is taken the same in every instance. When these 
conditions are met, it is possible to prepare a chart, by 
reference to which the percentage of moisture can be ob- 
tained at a glance as soon as the total weight of the con- 
tainer containing the given sample has been ascertained. 
Such a chart is here illustrated. 


Preparation of Chart 


It has been prepared for use with a container consisting 
of an aluminum pot with a close fitting cover of such 
shape that when the pot is filled with water and the cover 
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Chart for determination of percentage of moisture 
in sand 


placed on top and properly seated, the interior is entirely 
filled with water from the cover down, and any surplus 
water that overflows may be wiped off. The first step is to 
fill the container with water, place the lid on it, wipe off 
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the surplus water and weigh the total. The chart here 
reproduced was made with a container which, when filled 
with water in this way, weighed exactly 4.4 lb. The exact 
volumetric content is not important, but should be sufli- 
cient to enable the container to hold the size of sample of 
sand to be tested and, in the present instance, the con- 
tainer was of such size as to contain 3 |b. of sand and al- 
low considerable excess space for water. 


After the weight of the container full of water has been 
determined, the next step is to dry out a sample of sand to 
the standard condition for determining its specific gravity 
and weigh out an exact amount of sand. The chart repro- 
duced has been prepared by using a sample of sand 
weighing exactly 3 lb. This 3 lb. of sand is then placed in 
the container and the container completely filled with 
water, care being taken to see that the sand is thoroughly 
moistened by stirring; or the container may be filled with 
water and the 3 lb. of sand sifted into the water, thus in- 
suring that it is thoroughly wet and stirred enough to 
make sure that no air bubbles are adhering to the grains. 
The lid of the receptacle is then placed upon it, the sur- 
plus water is wiped off, and the container, with the sand 
and water in it, is weighed. 


Example Illustrating Use of Chart 


With sands of the specific gravity ordinarily used, the 
weight of the sand, water and container under these con- 
ditions will be somewhere between 6.15 and 6.29 lb. It is 
most convenient to obtain the weight in pounds and hun- 
dredths of pounds, and this is readily done by using a scale 
in which the beam is calibrated suitably. The weight of 
the sample of sand and water is found in the left hand 
column of the chart. The chart shows a sloping line run- 
ning downward from the left hand side toward the right 
hand side. By following this line from the weight of the 
sand on the left hand to the right hand side, the specific 
gravity of the sand is found in the column on the right 
hand side. Thus, by way of example, if the weight of the 
sample with water and container is 6.20 lb., the specific 
gravity is 2.50. If the specific gravity of the sand used 
is substantially constant, it is then possible to determine 
very quickly by means of the chart, and by weighing a 
sample twice, just what the water content is. The proce- 
dure is as follows: 


Procedure 


Weigh out 3 lb. of the moist sand to be tested. Place 
this 3 lb. in the container and fill the container with water, 
stirring the sand. Then place on the cover and wipe off 
the surplus water. Weigh this sample. Find this weight 
of the sample in the left hand column of the chart. From 
this left hand column follow the horizontal line to the 
right until it intersects a diagonal line running from the 
specific gravity given in the right hand column. The point 
of intersection of these two lines projected upward to the 
scale at the top of the column will give the moisture con- 
tent of the sand sample. For instance, let it be supposed 
that the specific gravity of the sand is 2.50 and that the 
weight of the sample with the water is 6.13. The quantity 
of water in the sand will therefore be about 4 per cent by 
weight, and the amount of water to be added can readily 
be corrected to allow for this percentage contained in the 
sand. 


The total time consumed in making this determination 
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is that taken to weigh out 3 lb. of the material to be 
tested in its natural condition, to place this in the con- 
tainer, fill the container with water, and again weigh the 
sample, and after this refer to the chart. It is quite pos- 
sible for a skillful person to conduct this operation in less 
than one minute, if necessary, and still have sufficient ac- 
curacy in the determination for practical purposes, if he 
is provided with a suitable balance and container for con- 
ducting the work promptly, and prepares a chart suitable 
for the quantities of material he is to handle and the 
weight of the container he is to use. The actual chart re- 
produced herewith could be used only if the container 
when filled with water weighs exactly 4.4 lb. There is 
practically no difficulty in obtaining a container with a lid 
on it which weighs a trifle less than this and adding to it 
enough weight to bring the total up to 4.4 Ib., in which 
case the chart herewith reproduced can be used without 
alteration. 


Practically all manufacturers of small scales are pre- 
pared to supply comparatively simple and cheap scales 
suitable for weighing quantities such as this with the beam 
calibrated in hundredths of pounds. The method, there- 
fore, is readily available to anybody without having to 
purchase equipment from any particular manufacturer. 
If it were desired to work with a larger sample than 3 Ib., 
a larger container should be used and a similar chart 
prepared. 


Architectural Treatment of Concrete 
Shown in Water Towers 


N the December (1933) issue of CONCRETE, on page 4, 
there is an illustration and short description of a 
reinforced concrete water tower in Minneapolis that is 
remarkably attractive from the architectural point of view. 


The Minneap- 
olis tower is not 
without rivals 
for distinction 
in this respect. 
The illustration 
here shown is a 
view of a mon- 
olithic rein- 
forced concrete 
water tower 
comprising a 
part of the wa- 
ter supply sys- 
tem of Spokane, 
Washington. 

Seattle and 
Milwaukee are 
among other 
cities that have 
built reinforced 
concrete water 
towers having 


exceptional ar- 
chitectural merit. Designers should profit from these ex- 
cellent examples. 


— 
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Monolithic Concrete Expresses 7 


New Conception 


of 
Dwelling House 


Arehitecture 


Architect Again Becomes Essential— 

How Beauty and Low Cost Are At- 

tained — Homes May Be Fireproof, 
Stormproof and Shockproof 


By BERNARD R. KLEKAMP 
Klekamp & Whitmore, Architects, Chicago, Illinois 


HE Century of Progress Exposition, held in Chicago 
in 1933 and to be repeated this year, has revolu- 
tionized the public’s conception of dwelling-house 
architecture. From the opening day to the closing day of 
the 1933 exposition, continuous streams of humanity 
poured through the eight or ten modernistic dwellings 


interior of monolithic con- 


alls, and all 
interior finish applied directly to concrete 


Figure 2. Exterior and f 
crete home, having insulated exterior w 
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Figure 1. f Five-room monolithic reinforced conerete 
house, designed in accordance with the Wedberg sys- 
tem, estimated to cost $3,720 in Chicago 


erected by enterprising groups representing building mate- 
rial interests. More streams of humanity will pour 


through those buildings in 1934. 


Public Accepts Modernistic Dwellings 

The public—or that part of the public that attended the 
exposition—looked at those buildings from the inside and 
from the outside. Millions who were not at the Fair saw 
pictures of those houses. Most visitors, perhaps, were sur- 
prised at the exterior beauty obtained with broad, flat sur- 
faces and flat roofs. Architects know, of course, that this 
beauty was attained by proper proportioning of the masses, 
by the breaking up of roof lines, proper utilization of 
openings, and so on. That exterior beauty did not just 
“happen.” It was attained only as the result of architec- 
tural skill. 


Fireproof, Stormproof and Shockproof 

In other directions, the more intelligent classes of peo- 
ple have revised their ideas about residential construction. 
I refer to the growing appreciation of the fact that the 
single-family dwelling, no less than the large apartment- 
hotel, may be built fireproof, stormproof, and proof 
against damage from earthquake shock. Intelligent people 
are not so easily deceived as they were ten years ago. Now 
they know that there is no need for the wholesale damage 
and destruction of small homes such as occurred in the 
southern California earthquake of a year ago, or in the 
Berkeley (Calif.) fire, or in the numerous hurricanes and 
tornadoes which the country has experienced. 

For the spreading of this greater wisdom among the 
enlightened masses, much credit is due the Portland Ce- 
ment Association and the magazine ConcreTE. And, log- 
ically enough, the material concrete is probably the most 
effective with respect to resistance against fire, storm and 
earthquake, and also with respect to economy. Above all, 
it is an excellent medium for architectural expression. 


The Architect Becomes Essential 

Here, then, is where the architect enters the scene. If 
single family dwellings of the modernistic type of architec- 
ture—which we may term the Century of Progress style— 
are to be things of beauty, they must be designed by skilled 
architects who have a full knowledge of the material with 


which they are working. 
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Figure 3. Another modernistic concrete five-room 
house, estimated to cost $3,400, based on Chicago prices 


An architect who enters this field must not allow him- 
self to be guided by the set rules of a past age. He must 
create his own individual orders of design. He must rec- 
ognize that the trend of the whole world is toward color 
and toward beauty in simplicity. He must combine the 
practical layout of rooms and the arrangement of win- 
dows so as to produce offsets in the exterior outline, which, 
together with color, gives charm and character to the 
building. He must have the courage to avoid needless cost, 
as, for instance, by eliminating all interior plaster work; 
and out of similar considerations of economy he must think 
in new terms in matters such as the construction of walls, 
floors, and partitions. 


When the architect applies these new thoughts and prin- 
ciples to the design and production of modern low-cost 
homes, he will have made his services far more essential 
than is the case at present, and he will bring the modern 
single-family home within the financial reach of a great 
mass of wage and salary earners. 


Getting the Full Value of Concrete 


Monolithic reinforced concrete construction for homes 
will meet all the requirements previously outlined—beauty 
with simplicity; safety against fire, storm and earthquake; 
insulating value and low cost. These qualities have been 
realized in a new method of monolithic concrete construc- 
tion developed by Axel W. Wedberg, a Swedish engineer. 
Houses were built in accordance with this method, some six 
or eight years ago, in New York and Chicago. The half- 
tone illustration (Figure 2) shows views of a home built 
in Chicago in 1927, at 5201 Liano Ave. 

The outside walls of this home are of reinforced con- 
crete, but two layers of continuous insulation, with a dead 
air space between them, were embedded in the concrete. 
In principle, the construction of these walls is similar to 
the wall of a thermos bottle. The partitions and floors, like- 
wise, are of monolithic reinforced concrete, deposited one 
story at a time, including walls, partitions and floor. 


All Plaster Work Eliminated 

The interior, as previously explained, is finished di- 
rectly on the concrete, all plaster work having been elim- 
inated. The very attractive interior finish was obtained 
with a heavy paint that produced a texture finish. These 
views were taken in February of this year, and they show 
the excellent condition of both the exterior and the inte- 
rior of this 7-year-old house. In a recent interview the 
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present occupant of the house, who has lived in it for four 
years, had nothing but praise for all features of the build- 
ing. He mentioned in particular the ease with which it is 
kept warm during sub-zero weather. 


Figure 1 shows a monolithic concrete house designed 
by the writer, in which this same system of construction is 
to be employed, but in which a modernistic appearance has 
been created by simple offsets in the exterior walls. A 
careful estimate of the cost of this 5-room house, based on 
present Chicago prices, totals $3,720, including a full 
basement divided into rooms, insulated exterior walls, 
hardwood floor “tile” throughout, steam heat, complete 
steel kitchen cabinets, a fireplace, and complete interior 
decoration applied directly to the concrete. The building 
shown in Figure 3, slightly smaller than the other, is esti- 
mated to cost $3,400 on the basis of present Chicago prices. 


Why Low Cost Is Attained 


Architects who may question these figures are reminded 
of the manner in which dwelling houses are usually built, 
how enormous amounts of labor and material are ex- 
pended in the costly work of covering one material with 
another, covering joints, stopping air leaks, and in interior 
plaster work. In the type of construction here described, 
this needless waste is avoided. 


The walls and partitions of these concrete buildings are 
formed in specially designed metal molds, developed by 
Mr. Wedberg. These molds consist of large panels made 
of a single sheet of metal, the edges of the panels being 
accurately formed with dies and shaped to fit perfectly 
against adjacent panels. Their length is the full height of 
a story. These molds produce a surface that is more 
straight and smooth than the usual plaster finish. 

The writer believes that even greater proportionate sav- 
ings can be realized through the use of these methods in 
the construction of fireproof apartment buildings. 


No Time to Read? 

Says a returned contractor subscriber: 
“I have missed your monthly edition of 
‘Concrete’ since we cancelled it. Kindly 
send me a copy of your February issue and 
put my name back on your subscription 
list. My experience has taught me the truth 
of the adage ‘No time to read, no time to 
succeed.’ ” 

The man who wrote this letter is a con- 
tractor who specializes in concrete construc- 
tion. He is in every sense of the term a con- 
crete contractor. Some months ago he de- 
cided to cut down on his expenses, and he 
cancelled a long-standing subscription to 
“Concrete.” 

Now he has learned that some things are 
indispensable to a concrete contractor, if 
he is to keep abreast of new developments. 
One of those indispensable things is the 
publication that covers his particular field. 

This applies with equal truth to engineers 
and architects, to products manufacturers, 
and to all others in any way associated with 
the use of cement and concrete. 


EDITORIAL 


Construction Comes Up 
with a Bang 


FTER suffering a decline in January and Feb- 

ruary, due in considerable part to unusually 
severe weather conditions, construction contracts 
have come back with a bang. 

Although weather conditions in March have been 
anything but lamb-like throughout the greater part 
of the month, contracts awarded in the 37 states east 
of the Rocky Mountains during the first fifteen days 
of March were practically equal to the awards for 
the entire month of February. 

This upward leap in construction contracts comes 
at a most opportune time, along with other favorable 
news such as the steady increase in industrial pro- 
duction, employment and payrolls; the continued in- 
crease in freight car loadings and net railway earn- 
ings; strength in steel production and in department 
store sales; and—most important of all—the settle- 
ment of the automobile labor situation. 

With the skies clearing, both literally and figura- 
tively, the way is open for the improvement in the 
construction industry which has been so generally 
predicted, and which seems at last to be in actual 
development. 


Century of Progress 
Again Promotes Housing 


HE colony of modern homes at the new World’s 

Fair of 1934 will be bristling with new ideas and 
suggestions. Every house is to be completely redeco- 
rated. Some will be extensively remodelled. Others 
are to be removed, and in their place newer efforts 
and experiments will appear. The landscaping has 
the aid of a season’s start. Gardens, massed shrub- 
bery, wide lawns and flowers will furnish an im- 
proved setting for these homes. 

Two new structures in the 1934 modern homes 
group will be a 2-story steel house and a 5-room 
bungalow of the same material. There will also be a 
display of a group of full-size model sections dem- 
onstrating the chief essentials of steel house con- 
struction and showing the progress that has been 
made in such utilization of that metal. 

Two other houses, which, while not physically a 
part of this group, are so related to it as to make 
their inclusion essential, are the farm houses being 
built as a part of the farm show. 

One home is to be a model farm house of 1950, 
with working quarters on the first floor and living 
quarters on the second. The first floor will include 
the kitchen and a shower room, milk room, tool and 
storage room. The house will be planned with the 
maximum functional utility and efficiency in mind. 

The second house, called the subsistence farm 
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house, is to be a structure of four or five rooms built 
not to exceed a cost of $3,000. This house is being 
designed to meet the needs of the present-day effort 
to get people on farm plots in which all or a great 
part of the family living can come from the soil. 


Control of 


Highway Loadings 

‘iP HE American Association of State Highway Of- 
ficials, as the result of several years of research 
into the subject of vehicular traffic and highway de- 
sign, has inaugurated a movement toward uniformity 
in state regulations covering allowable highway 
transport loads. 

The recommendations of the A. A. of S. H. O. are 
published in a 16-page pamphlet under the heading 
“Who Shall Use the Highways, and How?” 

State legislatures are urged to adopt these uniform 
standards as a means of reducing transportation 
costs, protecting the public and the highways, pro- 
moting efficiency in the interstate operation of mo- 
tor transport vehicles, and removing from our high- 
ways undesirable equipment and operating practices. 

No less than forty-four state legislatures will be in 
session in the early months of 1935. It is not too 
early for state highway departments to join in this 
campaign for uniformity, and to start laying plans 
for introducing and pushing the necessary regulatory 
measures in their respective state legislatures. 

Copies of the pamphlet should be placed into the 
hands of every state legislator. 


Concrete to Create 
Water Areas 


HE U. S. Department of Agriculture announces 

the appointment by Secretary Wallace of a com- 
mittee to outline a course of action under a proposed 
plan to utilize unproductive farm lands for the crea- 
tion of water areas to provide nesting and feeding 
places for migratory and upland game birds. Provi- 
sion will also be made for fish culture. 

Undoubtedly the development of such water areas 
will require a considerable amount of concrete con- 
struction in dams, bulkheads, and various miscella- 
neous items. Tentative plans call for the ultimate 
withdrawal of some fifty million acres of land for 
this purpose. 

Considering a single project this may be regarded 
as a minor use of concrete; but the vastness of the 
program means that the aggregate amount of con- 
crete required will be large. From the standpoint of 
self-interest as well as the general well-being, the 
concrete construction industry will find it worth 
while to support this plan, and to disseminate infor- 


mation concerning it. 
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Cement Investigations in 1933 
COMMITTEE C-1 on Cement, of the American Society 


for Testing Materials, has made a new series of plastic 
mortar compression tests, making use of 12 cements. 


A report, including tests up to 6 months, was also com- 
piled on the effect of varying SO; content on cements for 
low, medium and high tricalcium aluminate. 


A study of methods of chemical analysis was under- 
taken and ten laboratories are now co-operating in a com- 
parative study of certain methods. The subject of sub- 
sieve particle size continued to be of much interest, and a 
second series of co-operative sub-sieve fineness tests is 
being carried out. Work is also progressing in the studies 
of volume change and soundness of portland cement, time 
of setting, blended cements, plasticity, low-heat cements, 
and high-early-strength cements. 

P. H. Bates, in a paper on “Status of Specifications for 
Hydraulic Cements in the United States,” discussed condi- 
tions under which cements are used. He questioned the 
possibility of any single type of cement being able to meet 
satisfactorily the numerous service conditions in such 
structures as a dam, a reinforced-concrete building and a 
road. He proposed separate cements for particular appli- 
cations which should exhibit, respectively, qualities of 
high-early strength, plasticity, low heat of hardening, low 
volume change and resistance, to moisture and aggressive 
solutions; also two cements similar to the standard port- 
land, one being lower in lime and higher in silica than the 
other. 


A number of important developments on various phases 
of the cement and concrete research studies being carried 
on in connection with the Boulder Dam project were re- 
ported in several papers. Studies by R. W. Carlson and 
G. E. Troxell on “The Effect of Adding Siliceous Mate- 
rial to Portland Cements Upon Volume Changes, Com- 
pressive Strength and Heat Generation,” throw some light 
on the advantages derived from blending portland cement 
with a volcanic ash. 


Mortars for Unit Masonry 
COMMITTEE C-12 on Mortars for Unit Masonry, rep- 


resenting the American Society for Testing Materials, 
completed its organization early in 1933. Since a review 
and correlation of existing data on mortars is essential as 
a basis for outlining a comprehensive program of re- 
search, the officers are working on this project and are 
soliciting funds so that a critical digest can be prepared. 
Once the information is available, the committee can pro- 
ceed with tests and investigations without duplicating pre- 
vious work. 


Subcommittee VIII on Mortar Aggregates, a subgroup of 
Committee C-12, is collecting samples of typical mortar 
sands which are used in this country. An outline of the 
study of character of sand upon its mortar-making prop- 
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PROGRESS In a Page 


Current activities in research, in matters pertaining to concrete and 
cement, as being carried on or completed by various organized groups. 
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erties is being prepared and a bibliography is in course 
of compilation. 

The subcommittee on preparation of mortars has devel- 
oped specifications and these are to be circulated among 
those interested, for criticism. The group working on unit 
masonry construction practice has studied factors which 
must be considered in building watertight masonry walls 
with special reference to design and workmanship, and is 
preparing a preliminary draft of recommended practices 
for the use of mortars. 


The program of work of the subcommittee on perma- 
ability tests is to be based on the results of a preliminary 
survey which has been made of factors involved in the 
permeability of masonry construction with particular ref- 
erence to mortars and masonry units. A comprehensive 
program has been prepared by the subgroup working on 
efflorescence and staining and substantial progress has 
been made in assembling information relating to this sub- 
ject as affected by mortars. 


More Highway Research Abstracts 
HIGHWAY Research Abstracts No. 7, dated February, 


1934, an 8-page multigraph, contains a number of ab- 
stracts of articles and reports dealing with matters of 
interest to highway engineers. The subjects covered in- 
clude— 

(1) Surface Scaling of Concrete Pavements on Illinois State 
Highways, from an unpublished report. 

(2) Influence of Type of Cement Upon Corrosion, and Nature 
of the Attacking Solution, by Dr. Karl E. Dorsch (Germany). 

(3) Road Tax Diversions (from annual report of secretary of 
American Association of State Highway Officials). 

(4) High-Early-Strength Cements, from Technical News Bulletin 
No. 192, April, 1933, issued by U. S. Bureau of Standards. 


(5) Clay Coatings on Gravel Aggregates, by W. D. Beers 
(Utah). 


(6) Influence of Temperature on the Strength Development of 
Concrete, by N. Davey (England). 

(7) Tests on a Reinforced Concrete Arch of the Arlington 
Memorial Bridge, by Cyrus C. Fishburn and John L. Nagle (U. S. 
Bureau of Standards). 

Copies of the “Abstracts” may be obtained at 15 cents 
each, from the Highway Research Board, 2101 Constitu- 
tion Ave., Washington, D. C. 


A. S. T. M. Investigates Blended Cements 
GROWING interest in blended cements—in which sili- 


ceous materials are ground with ordinary cement clinker 
—has resulted in the appointment of a subcommittee of 
Committee C-1 of the American Society for Testing Mate- 
rials, to study blended cements. 

The chairman of this new subcommittee is G. O. Gard- 
ner, superintendent of the Ash Grove Lime and Portland 
Cement Co., Chanute, Kansas. Other members of the sub- 
committee are R. E. Roscoe, chemical engineer, Bessemer 
Cement Corp., Youngstown, Ohio, and J. L. Miner, of the 
Atlas Lumnite Cement Co., New York. 
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Basie Principles 


of Concrete Mixtures 


Absolute Volume Combinations as Measure of Yield Are 
Subject of Final Article of Series—Accuracy Essential with 
Ready-Mixed Concrete 


XV—Supplementary Principles 


and Co-ordination (Concluded ) 


By JOSEPH A. KITTS 


Consulting Concrete Technologist, San Francisco, Calif. 


HIS final chapter in this series of fifteen articles 
takes up the problem of predetermination of yield 
from concrete mixtures, a matter of exceptional im- 
portance in the operation of a ready-mixed concrete plant. 


(6) LAW OF YIELD OF ABSOLUTE VOLUME 
COMBINATIONS 


The most fundamental principle of concrete mixtures, 
shown by the “elementary volumetric composition” of 
mortars and concretes, was instituted for laboratory re- 
search, prior to 1892, by the distinguished French author- 
ity on concrete physics, René Feret, and was introduced 
by him in Annales des Ponts et Chaussées, II, 1892. This 


principle is expressed by Feret’s equation 
ct+tat+w+v=1.0 (10) 
in which c, a, w and v are the absolute or “elementary” 


volumes of cement, aggregate, water, and entrapped air 
voids, respectively, in a unit volume of mortar or concrete. 


Absolute Volume Long Disregarded 


It does not appear that the elementary volume was used 
as the practical basis of proportions until adopted by the 
author, in January, 1925, on the Yosemite Valley > od 
relocation for the Exchequer Dam project, California, 
some 33 years after its introduction for laboratory re- 
search by Feret. Accustomed to thinking in terms of the 
bulk volume measure idea, which had been handed down 
the ages, it was not readily seen how this simple, logical 
and fundamental idea of the elementary volume could be 
adapted to practical proportioning of concrete. In the 
first place, we were accustomed to thinking of the voids 
in the bulk volume of aggregate instead of the density of 
solids in the bulk volume; and our other standards of 
measure were unscientific, and are so to this day. 


The American standard measure of the weight of aggre- 
gate is pounds per cubic foot of dry and compact (priorly 
loose-dry or loose-moist) volume, instead of pounds per 
cubic foot absolute volume. That of moisture in the ag- 
gregate is taken as pounds of water per pound of dry 
aggregate, instead of volume of water per unit absolute 
volume of aggregate. Absorption of the aggregate 1s taken 
as weight of absorbed water to weight of dry aggregate, 
instead of volume of water absorbed by a unit absolute 
volume of aggregate. Silt content is taken as both inun- 
dated sedimentary volume of silt to inundated volume of 
aggregate, and weight of dry silt to original weight of dry 
aggregate, disregarding the differences in bulking and 


specific gravity. The standard measure is of the voids in 
the aggregate, instead of the density of absolute volume 
(or solids) in the bulk volume. The amount of 94 pounds 
of standard portland cement is regarded as one cubic foot, 
instead of 0.485+ cubic feet absolute volume. | 


Unscientific Proportioning Methods Continue 


These prevailing unscientific physical measures are heri- 
tages from ancient times and it has been difficult to adapt 
Feret’s scientific laboratory-technique measures to prac- 
tical use in the field, especially, when approaching the 
subject from the English or American units of measure 
instead of the metric system. 

It does not appear that Feret gave thought to the adapta- 
tion of his elementary volumes to use as the practical basis 
of proportions; and the fact remains that, today, with few 
exceptions, concrete physicists the world over are still 
thinking, and conducting concrete research, in terms of the 
ancient bulk volume as the basis of concrete proportions. 
This is evidence of the abstruseness of the problems of 
adapting Feret’s logical elementary volumes to use as the 
practical basis of proportions. Looking at the accom- 
plished fact, the absolute volume technique is very simple 
to the young student starting with no prior knowledge of 
concrete mixtures and of the established standards of 
measure of the physical characteristics of aggregates, ce- 
ment and concrete. The student of today should appre- 
ciate, however, that we éarlier students of concrete mix- 
tures were first inoculated with the ancient ideas of propor- 
tions and physical measures and then inherited the task 
of trying to make scientific sense out of mixture research 
based on these unscientific and indefinite measures of pro- 
portions and physical characteristics. 


Key to Absolute Volume Measurement 


In 1907, after 12 years of practical knowledge of con- 
crete making and of the arbitrary ratio and void theories 
of proportioning, the author became familiar with Feret’s 
law of the elementary volumetric composition of mixtures 
and saw at that time the desirability of employing the 
absolute volume as the practical basis of proportions. The 
problem was studied with much application and persist- 
ence but with little progress, from 1907 to 1923. One im- 
portant result in the interim, however, was the inception 
(at the Panama Canal, 1912) of the “weight-volumetric” 
technique of physical tests—the present development for 
aggregate tests being as given in Part II, ConcreETE, June, 
1932, pages 14 to 16. Abrams’ water-cement ratio strength 
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law, criteria of cement content and of maximum permissi- 
ble fineness modulus (Bul. I, 1918), and Talbot and Rich- 
art’s co-ordination of absolute volume proportions, uni- 
form grading, water-cement ratio and fineness modulus 
(Bul. 137, U. of IIl., 1923), were essential developments 
of principles of proportioning before a practical absolute 
volume technique could be applied with satisfactory re- 
sults. Bulletin 137 supplied us the missing elements of 
scientific proportioning in 1923, and, with this very essen- 
tial assistance, the author began to see, definitely, that the 
key to practical application of the absolute volume, as 
the basis of measure of proportions and for concrete 
physics in general, was the adoption of new standards of 
measure, of the physical characteristics of aggregates, ce- 
ment and concrete, consistent with the absolute volume 
measure. 


A clear understanding of the Feret law of the elementary 
volumetric composition of concrete mixtures; a proper 
appreciation of the importance of the elementary or abso- 
lute volume technique of proportioning, testing, and anal- 
ysis; the expedient and efficient practical use of the abso- 
lute volume as the basis of proportions; and a thoroughly 
practical and scientific concrete technology—each depends 
upon logical understanding and use of the following con- 
sistent physical measures: 


g, Apparent Specific Gravity of Porous Solids (Cement, Aggregate, 
or Admixture Particles) : 

Weight of dry solids in grams per cubic centimeter of elementary 
volume; or, weight of dry solids divided by weight of water dis- 
placed by the solids in an exactly absorbed condition. The “ap- 
parent” specific gravity is the specific gravity of the “apparent” 
(or “absolute,” or “elementary”) volume (variously named by dif- 
ferent authors). This volume, in concrete physics, comprehends the 
volume within the surfaces of the particles, including the micro- 
voids (porousness) within the particles. This measure is a univer- 
sally accepted standard. 


m, Moisture Content in Aggregate: . 

Volume of water per unit absolute volume of aggregate; or, g 
times weight of moisture divided by dry weight of aggregate. 
a, Absorption of Aggregate: 

Volume of water absorbed by a unit absolute volume of aggre- 
gate; or g times weight of water absorbed divided by the dry 
weight of aggregate. 

m', Free Moisture in Aggregate: 

Volume of free water per unit absolute volume of aggregate; 
equals m—a. 

d, Density of Aggregate: 

Absolute volume of aggregate per unit bulk volume in the natural 
loose moist condition as measured; equals weight of loose moist 
aggregate per cubic foot bulk volume divided by 62.4 (g-—+ m). 
v, Voids in Aggregate: 

Void space per unit bulk volume of aggregate in the natural 
loose moist condition as measured; equals 1.0 — d. 

b, Bulking of Aggregate: 

Ratio of the loose moist bulk volume to the corresponding abso- 
lute volume; equals 1.0/d. 

w, Weight of Aggregate: 


Weight of moist aggregate for unit absolute volume of aggre- 
gate; equals 62.4 (g+-m) for pounds per cubic foot absolute 
volume. 


f, Fineness Modulus of Aggregate: 

Sum of the absolute volume proportions retained on each of the 
U. S. standard sieves Nos. 100, 50, 30, 16, 8, 4, 36 in., 34 in., 1%4 
in., etc. 

Cv, Absolute Volume of Cement per Given Weight (Pounds) : 

_ Given weight of cement divided by 62.4 times its apparent spe- 
cific gravity. 

Ka, Density of Concrete: 


Solids per unit apparent volume of fresh concrete; equals sum 
of the absolute volumes of cement, aggregate and solid admixture 
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divided by the volume of concrete. (This would be more properly 
called “theoretical density,” since the true density of the set con- 
crete is affected by shrinkage in setting, chemical combination of 
water and cement and, sometimes, by combination of cement and 


admixture. ) 


K;, Yield of Concrete: 

Apparent volume of fresh concrete divided by the sum of the 
absolute volumes of its ingredients—aggregate, cement, water, and 
admixture—with allowance for absorption of the aggregate, or 


Kye Ky f(y Cy + yh) pence ee COO) 
in which A,, C,, W,, and M, are the absolute volumes of aggre- 


gate, cement, water, and admixture, respectively, Vv including the 
added water plus the free water in the aggregate but not includ- 
ing the allowance of absorbed water in the aggregate. 


MIX CONSISTENCY AND AGGREGATE MOD- 
IFY FERET’S LAW 


Feret’s law of the elementary volumetric composition of 
mixtures was based principally on tests of comparatively 
dry or stiff sand-cement mortar mixtures. As a conse- 
quence, the yield, K,, was indicated by his tests as unity 
or greater because (as we now know) his dry mixtures 
entrapped enough air to exceed the volume of cement go- 
ing into solution with the mixing water. 

The amount of concrete obtained ranges from 90 per 
cent of the sum of the absolute volumes of ingredients, for 
rich and wet mixtures, to 110 per cent, for lean and dry 
mixtures, considering practical limits of cement content 
and consistency, and from 96 per cent to 102 per cent for 
the more usual mixtures. The usual values signify the 
fundamental importance of the Feret law of the elemen- 
tary volumetric composition of mixtures. 


Need Greater Accuracy in Yield 


The tentative (American) standard specification for the 
measurement of ready-mixed concrete volume assumes that 
Ky is always unity. This sometimes compels the contractor 
to buy 1,040 cu. yd. of concrete to do a 1,000-yd. job; and 
the honesty and competence of the producer is questioned, 
with sad consequences. It is essential that we determine 
reasonably accurate values of K, for the various condi- 
tions. 

Based on average values of 3/16-in. maximum size 
gravel aggregates in Tables 1, 6 and 7, pages 50, 64 and 
69, respectively, of “Report of the Director of Research” 
published by the Portland Cement Association, November, 
1928, the following equations of yield of absolute volumes 
are obtained for various slumps, in accordance with our 


Eq. 373 


Slump, in. Equation of yield, Ky Flow 


1 log Ky = 0.100904 — 0.033850 log C 157 
2 = 092540 — .031467 log C 185 
3 = .082623 — .028676 log C 196 
4 = 077195 — .027253 log C 205 
5 = .069964 — .025305 log C 214 
6 = .065555 — .024367 log C 224 
7 = .064296 — 024538 log C 236 
8 = .065912 — .025799 log C 250 
9 = .076400 — .030239 log C 258 
10 = .105338 — .041258 log C 292 


The theoretical values agree with the average measured 
values within one-half of one per cent for the practical 
range of cement contents. 

It is seen that, for a given cement content, the yield de- 
creases as the slump or water-cement ratio increases; and, 
for a given slump, the yield decreases as the cement con- 
tent increases. As increase of maximum size decreases the 
amount of water required for a given slump, we can infer 
that, for a given cement content and slump, the yield in- 
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creases with increase of maximum size and, likewise, with 
fineness modulus. 

For 34-in. to 114-in. maximum sizes of gravel agere- 
gates and mixtures of average cement content and con- 
sistency (2,000 to 3,000-lb. concrete of 6 to 8-in. slump) 
the yield is found to follow closely our equation— 

log Ky = 0.11752 — 0.04411 log... (37c) 
in which C is pounds of cement per cubic yard of concrete. 

This completes the six required laws of mixtures, speci- 
fied in Part IV,! and provides means of proportioning 
concretes of any practicable combinations of maximum 
size of aggregate, strength and slump of concrete, employ- 
ing any number of size separations of aggregates. Only 


the questions of choice of maximum size of aggregate and 
slump of concrete remain. 


? 


CHOICE OF MAXIMUM SIZE OF AGGRE- 
GATE; OPTIMUM SLUMP 


The maximum size of aggregate should be as large as 
practicable to use. It should not be greater than 34 the 
space through which it must pass, 1/3 the depth of slab, 
Y the width of wall, and as dictated by the conditions 
otherwise. 

Stiff mixtures require less cement for a given strength 
than fluid ones, but require more labor or mechanical 
power in placing. For architectural and reinforced con- 
crete it is generally essential that the mixtures be fluid, 
but not sloppy. The optimum slump, or the slump which 
gives the best combination of results in workability, flow- 
ability, and cohesion of the fresh mix, strength, density, 
and economy of the resulting concrete, and is satisfactory 
for reinforced, narrow and difficult sections, has been de- 
termined by the author for various maximum sizes of 
gravel aggregates, as follows: 


Maximum Size, in._____— 3% 1% 3 4% 
Optimum Slump, in. See 1.0. Oe) 


This relation of slump to maximum size of aggregate fol- 
laws the equation— 


log s = 0.943914 — 0.054432 D (56) 


in which s is the optimum slump, and D is the maximum 
(square hole) size of aggregate, both in inches. 

Slumps in accordance with this criterion are proper for 
chutes on 40 per cent grade. They serve to minimize en- 
trapped air bubbles. They are suitable for architectural 
surfaces, reinforced sections and structural fireproofing. 
Less slump may be used in favorable situations: heavy 
walls, 14 in. less; floorslabs, 1 in. less; large footings, 2 
in. less; pavements, 3 in. less; and additional labor or 
power employed in tamping and vibrating will permit 
from 14 to 3 in. less slump than the foregoing. It is bet- 
ter practice to provide for ample slump and its greater re- 
quirement of cement than to provide for insuflicient slump 
and its corresponding lesser and insufficient requirement 
of cement. 


CONCLUSION 


The practical application of the foregoing chapters is 
found in the November and December, 1931, issues of 
CONCRETE. 

The empirical laws of effect of cement content, water- 
cement ratio, maximum size, fineness modulus and grading 
of aggregate, in relation to strength, density, consistency 


1 August (1932) issue of CONCRETE, pages 10-12. 
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and yield of concrete, have been shown quite definitely and 
co-ordinated. This co-ordination, with the empirical crite- 
ria of law constants, provides an expedient calculation 
technique of formulating mixtures for concrete of any 
strength, slump and maximum size of aggregate. The 
empirical law constants for gravel aggregates and normal 
standard portland cement are based on the most compre- 
hensive and reliable criteria and provide a proper basis 
for trial or research mixtures, under any particular con- 
ditions, and for determination of the corresponding new 
constants. 

The final co-ordination comprehends the following 
basic principles: 

1, The cement content and grading fundamentals of the arbi- 
trary ratios, 1:2:4, etc. 

2. The filler-to-voids principles. 

3. The principle of synthesis or trial mixtures. 

4. The density principle of Feret. 


5. The uniform-grading-density principles of Fuller-Thompson, 
Graf, Hermann, Talbot-Richart, and others. a 


6. The water-cement ratio strength law, and fineness modulus 
principles of Abrams. 


7. The author’s laws of cement content, fineness modulus, yield 
of concrete, and optimum slump; and, most important: 


8. The absolute volume basis of proportioning instituted by 
Feret—the foundation of the physics of concrete materials and 
mixtures. 


This co-ordination of basic principles of mixtures pro- 
vides a definite basis for mixture research under given 
conditions of materials, technological facilities, mixing 
time, and of fine, coarse, regular, irregular or gap grad- 
ings, etc. It provides a definite basis of fixing or catalog- 
ing any trial mixture, in its place in the category of mix- 
tures possible under the given conditions, so that it can be 
exactly duplicated at any time despite changes in moisture 
content and grading of the particular aggregates. 
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The Building Officials Conference of America will meet 
the week beginning April 23 at the Hotel Statler in Boston, 
Mass., in conjunction with the meeting of the New Eng- 
land Building Officials Conference. 
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Concrete Masonry Gains Place in 
Federal Government Work 


By H. B. EMERSON 
Service Manager, Lehigh Portland Cement Company, Chicago, Ill. 


INCRETE masonry is now specified by practically 

every government department, as a result of the ac- 

tivities of the National Concrete Masonry Associa- 
tion and the Portland Cement Association. The former 
organization, in 1933, spent considerable time with the 
government departments, using to a great extent the book 
“Facts About Concrete Masonry” to convince officials that 
this product merited consideration along with the clay 
brick and clay tile specified for so many years. 


In Federal Post-Office Buildings 


One of the most important types of federal work, so far 
as products manufacturers are concerned, is post-office 
construction. While concrete masonry units are specified 
in this type of building for partitions, furring, and fire- 
proofing units, these materials are not yet specified as 
backup. The many tests made on concrete masonry units 
justify this use, and work is continuing with the Treasury 
Department, which designs all post-offices, to obtain in- 
clusion as backup in future work. 


In the future there will be less of the monumental type 
of postoffice buildings and more of the practical type 
which will utilize, in many instances, face brick exteriors 
instead of limestone. This presents an opportunity for the 
concrete masonry manufacturer, inasmuch as one of the 
arguments that has always been used in Washington 
against concrete masonry units is that large units such as 
clay tile and concrete masonry were unsuitable for bond- 
ing the large limestone units used for facing. This devel- 
opment is being watched closely, and it is possible that 
before 1934 passes out of the picture hollow backup will 
be specified in backup construction by the Treasury De- 
partment. 


Approved for Army Buildings 


Specifications for U. S. Army construction work are 
wide open to concrete masonry units. If work of this type 
comes up and concrete units are not in the specifications, 
the omission is probably due to an oversight. The Quar- 
termaster Corps has signified its intention of giving con- 
crete units an equal opportunity with other masonry 
materials. 

One point I want to get across to products manufactur- 
ers: Your Association and the Portland Cement Associa- 
tion have been successful in getting 
specifications; but it is up to you to go out and sell the 
jobs. You are the point of contact on each individual job. 
You know the contractors. You know your own product, 
can figure the direct saving that its use will make over 
other types of construction in your community, and you 
can be responsible for this selling. A number of manufac- 


your products into 


Author’s abstract of paper presented before annual meeting of 
Wisconsin Concrete Products Association, Milwaukee, Wis., Feb- 
ruary 9, 1934. 


16 


turers are selling a sizable quantity of their units on gov- 
ernment projects. The Haydite Corporation of Kansas 
City, recently sold 50,000 units for Fort Sill, and within 
the last month the same company has sold another order 
for some 20,000 units at Fort Riley, Kansas. 


Government specifications are, perhaps, the hardest to 
crack of any in the United States today, and if it has been 
possible for products manufacturers to get in these rigid 
specifications it is not at all impossible for manufacturers 
to secure approval in practically any type of public works 
construction. 


In State and Smaller Government Units 


One Wisconsin manufacturer has sold block for base- 
ment foundation walls for some 52 country school houses 
under the CWA. Certainly this is a worth while improve- 
ment—one that not only makes the school house more liv- 
able but one that is permanent and that adds extra room 
to the buildings. Many localities are looking for public 
works jobs that will be of a permanent nature. Many have 
never thought of improving their country school houses, 
though the opportunity for additional sales of concrete 
masonry units is clearly seen. 


Another public works job that commands attention was 
routed up by Harold Spaight, of the Cinder Block and 
Material Company, of Cedar Rapids, Iowa. This, again, 
was a job sold by using the book “Facts About Concrete 
Masonry,” and using it intelligently. Spaight has obtained 
orders for some 250,000 concrete block and 335,000 con- 
crete brick as a result of good salesmanship. Dont’ think 
he had everything his own way in getting these orders. He 
had eleven clay competitors, and it was only by using in- 
controvertible facts that he was able to convince his local 
architects and the school board that his material would be 
suitable for the job. 


Concrete Houses for the TVA 


I have had the pleasure recently of seeing the plans for 
concrete houses developed by the Southern Cast Stone Co., 
of Knoxville, Tennessee. This is for the TVA in Ten- 
nessee. ‘Two of these houses are being built, and there is a 
chance for several hundred complete houses. This pros- 
pect has not been developed by itself; it has developed 
from real salesmanship. 

Low-cost dwellings, or apartments, especially in slum 
areas of cities, are developing very rapidly. It behooves 
products manufacturers to watch this market closely. 
Don’t depend on someone else to sell for you. Get out and 
do it yourself. 

The Portland Cement Association is receiving a list of 
all government buildings that come up for bids. They 
also get a list of successful bidders on these jobs. This 
information is being sent out to those products manufac- 
turers who will follow the jobs. There is plenty of time 


April, 1934 


for you to sell the job after the successful contractor is 
named. Remember that you are in the specifications, and 
that your problem is a sales job only. 


Government Specifications Must Be Met 


There is one very important point to be remembered in 
selling federal jobs. Your product must meet government 
specifications. The blocks are tested, and a test failure 
makes the next sale that much harder. Quote prices in- 
telligently and give complete data on the sizes of your 
units. 


The products industry as a whole is not sales-minded. 
The Portland Cement Association has developed enough 
data over a period of years that, given proper study and 
use, every products manufacturer could be a real sales- 
man. They can supply the leads, but it is up to the manu- 
facturer to go out and sell. Take this literature they send 
you seriously—study it and profit by it; and above all 
things, support your own association. 


Masonry Group of A. R. E. A. 
Presents Reports on Concrete 


Many Phases of Concrete Design and Construction 
Discussed at Annual Meeting 


HE thirty-fifth annual convention of the American 

Railway Engineering Association, held in Chicago on 
March 13 and 14, discussed several papers and committee 
reports of interest to the concrete construction industry. 

With the exception of precast crossing slabs, covered in 
the report of the Committee on Grade Crossings, matters 
dealing with a broad scope of concrete construction were 
covered in the reports of the Committee on Masonry, 
headed by M. Hirschthal, of the D. L. & W. Ry., as chair- 
man. 

This committee and its various subcommittees reported 
progress on the subject of reinforced concrete arches. The 
report announces the intention of the committee to review 
the material presented in the current report and in pre- 
vious reports, and to submit to the next annual meeting, 
for approval as recommended practice, specifications for 
the design and construction of reinforced concrete arches 
for railroad loadings. 

Reports submitted by other subcommittees of the Com- 
mittee on Masonry covered subject-matter such as draw- 
ings of a reinforced concrete trestle designed for E-60 
loading, submitted for approval as recommended practice. 
Another subcommittee, in a report on progress in the sci- 
ence and art of concrete manufacture, presented a valuable 
contribution on high-frequency vibration in placement of 
concrete. ; 

Centrally-mixed and transit-mixed concrete, foundations, 
specifications for lining railway tunnels with concrete, 
pneumatically projected concrete, design of expansion 
joints involving concrete and masonry structures, were 
some of the other subjects treated in the Masonry Com- 
mittee report. 

Copies of the 
are available in se 
tity, and may be obtained, w 
American Railway Engineering 
Buren St., Chicago. 


“Report of Committee VIII on Masonry” 
parate pamphlet form in limited quan- 
hile they last, from the 
Association, 59 East Van 
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Georgia Cures Concrete Pave- 
ments with Cement Spray 


Neat Cement Applied to Surface Just After 
Finishing—Forms Effective Seal 


N a paper presented before the thirteenth annual meet- 

ing of the Highway Research Board, held in Decem- 
ber, Searcy B. Slack described a new method of sealing 
the surface of concrete pavement for curing, recently tried 
by the State Highway Board of Georgia. The surface of 
the pavement is sprayed just after finishing with a thin 
layer of neat cement paste. The theory is that the cement 
will seal the surface pores and retain the moisture neces- 
sary for curing. 

Test sections using this method were compared with oth- 
ers using the standard wet earth curing and also where 
only 24-hour wet burlap was used. Strength comparisons 
were made on cores at 28 days and electrical resistance 
measurements were made to indicate the amount of mois- 
ture retained in the slabs by the different methods. Core 
strengths for earth and water cure were 3,388 p.s.i.; for 
cement spray, 2,981 p.s.i.; and for wet burlap, 2,716 p.s.i. 
The resistance tests showed good correlation with the 
strength tests and indicate that a resistance method of 
measuring moisture in concrete for curing has interesting 
possibilities. 


Flagstones and Garden Orna- 
ments in Century of Progress 


- ANUFACTURERS of ornamental concrete products, 

and contractors specializing in the placing of such 

work, will find particular interest in the 41 acres of out- 

door flower gardens at the 1934 Century of Progress ex- 

position at Chicago. Flagstone walks and garden orna- 
ments will constitute an interesting part of the display. 


This view is from an actual photograph taken at the 
horticultural exhibit at A Century of Progress, Chi- 
cago, 1933 


These gardens are being completely made over as a 
part of the exhibit of the horticultural department of A 
Century of Progress, in co-operation with garden clubs. 
It is expected to be one of the major centers of attraction 


of the 1934 Fair. 
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Highway Engineer Urges Year-Round 
| Concrete Paving | 


H. F. Clemmer Describes Methods of Procedure—Field Tests 
Prove Concrete Paving Feasible in Winter—Specification for 
Cold-Weather Protection 


ONCRETE pavement construction conducted while 
temperatures are near the freezing point requires 
special attention, not only to assure a reasonable 
rate of hydration of the cement, but to make certain that 


action is entirely stopped, considerable time and increase 

in temperature is required to start the hydration process 

again. 
During the summer months the important problem in 


the moisture in the concrete will 
not freeze and cause permanent 
injury. 

Field tests, however, have 
proved the practicability of pro- 
viding the protection necessary 
for satisfactory “Winter Con- 
crete Construction’ —that is, for 
placing concrete when low tem- 
peratures prevail. 

Realizing the importance of 
the temperature of concrete on 
the rate and degree of hydration 
of cement, the Highway Depart- 
ment of the District of Columbia 
requires that special precautions 
be taken whenever the tempera- 
ture may reach 50 deg. F., or 
lower, during the 24 hours fol- 
lowing the placing of the con- 
crete. 

Field tests have definitely es- 


This is a part of a paper read before 
the annual meeting of the American 
Road Builders’ Association in January, 
by H. F. Clemmer, engineer of materials, 
District of Columbia, on “Early-Strength 
Concrete—Effect of Temperature.” This 
portion of Mr. Clemmer’s paper, slightly 
condensed, deals with methods of placing 
concrete roads and street pavements dur- 
ing cold weather. In next month’s issue 
D. S. MacBride, of the International Ce- 
ment Corp., will discuss the Clemmer 
paper and will present additional meth- 
ods of procedure on winter paving work. 

The winter just closing is “water 
passed over the dam;” but progressive 
highway engineers will profit from both 
of these contributions when planning 
their paving programs for next winter. 
It is not too early to start thinking about 


curing is to maintain sufficient 
moisture in the concrete for 
maximum hydration of the ce- 
ment, but during the winter 
months the problem is to main- 
tain the temperature of the con- 
crete sufficiently high that maxi- 
mum hydration may be obtained. 


Speed Up Rate of Hardening 


It is, therefore, important to 
speed up the setting of the ce- 
ment to every practicable extent 
in order to reduce the length of 
time necessary for the use of 
coverings or other means for 
maintaining a temperature satis- 
factory for hydration. Calcium 
chloride incorporated in the con- 
crete mix has been shown to be 
of particular value for accelerat- 
ing the setting of cement and as 


tablished the conclusion indi- 
cated by the laboratory investi- 
gation, which showed the impor- 
tance of placing concrete while 
the temperature is rising, unless special provisions are 
made for protection so as to maintain the temperature 
of the concrete.* 


On one paving project where concrete placed when the 
temperature was as low as 14 deg. F. work was started 
at 7 A. M. Specimens were made from concrete mixed 
at 10 A. M. and from concrete mixed at 2 P. M. when 
the placing was stopped. The average 48-hour strength 
of the specimens made at 10 A. M. was 415 Ib. per sq. in. 
and that of those specimens made at 2 P. M. was 286 lb. 
per sq. in., indicating that too little time had elapsed for 
the concrete placed in the afternoon to gain strength 
before the temperature started lowering. Six bags of ce- 
ment per cubic yard of concrete and calcium chloride 
were used in the mix. 

The hardening of concrete is a chemical reaction re- 
quiring heat and moisture. Any increase or decrease in 
the temperature causes an increase or decrease respectively 
in the rate of hardening of the concrete. Should the tem- 
perature of the concrete become so low that the chemical 


1 How this protection has been provided in a number of cases 
will be told in the May issue of Concrere, in an article by D. S. 
MacBride.—Editor. 


those plans now.—Editor. 
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an agent to insure moisture for 
satisfactory curing. 

In considering the effect of 
calcium chloride as an acceler- 
ator of the setting of cement it is interesting to note results 
of studies reported by the U. S. Bureau of Standards. It 
will be seen that the maximum temperature of the cement 
paste with varying percentages of calcium chloride are 
approximately the same; the time in which these maxi- 
mum temperatures is attained is materially reduced by 
the addition of calcium chloride. This increase in the rate 
of temperature rise increases the rate of hydration of the 
cement, and, therefore, the early strength of the concrete. 

Calcium chloride in the concrete mix does lower the 
freezing point of the mixing water; however, the amount 
recommended for use as an accelerator is not sufficient 
to be of particular importance in this regard. The value 
of calcium chloride in concrete is its accelerating action 
on the hydration of the cement. 


Use of High-Early-Strength Cement 


The use of high-early-strength cement is of considerable 
value in overcoming the effect of low temperature, due to 
its rapid rate of hydration, and its use in place of stand- 
ard portland cement and calcium chloride or of additional 
standard portland cement and calcium chloride is a matter 
for economic consideration. The use of high-early-strength 
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cement together with calcium chloride produces very 
marked results in the early strength of concrete even when 
it is placed at very low temperatures and without special 
protection. 

When temperatures at the time of placing concrete are 
near freezing and remain low the use of either high-early- 
strength cement or calcium chloride or both must not be 
entirely relied upon to insure proper setting of the con- 
crete. Temporary enclosures heated with salamanders or 
the covering of pavements, sidewalks, etc., with at least a 
6-in. layer of straw uniformly distributed and held in 
place by canvas or burlap, must be provided. 


Heat Water and Aggregates 

Heating of the mixing water is effective in raising the 
temperature of the concrete, as is also the heating of the 
aggregates. Whenever freezing temperatures prevail the 
aggregates themselves are likely to be frozen and must be 
heated to insure against the incorporation of lumps of 
frozen material in the mix. A further application of heat 
than is necessary to thaw out or prevent these materials 
from freezing will be of very definite value in increasing 
the temperature of the aggregates, and of the concrete. 


Specification for Cold-Weather Protection 

Following are the specifications for the cold-weather 
protection of concrete as insured by the Highway Depart- 
ment of the District of Columbia: 


“Whenever the temperature may reach 50 deg. F. or lower, dur- 
ing the 24 hours following the placing of the concrete, calcium 
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chloride incorporated in the concrete mix shall be used for curing 
of the concrete, in lieu of whatever method of curing is being used, 
The cost of the calcium chloride, and its use, shall be included in 
the bid price per square yard of pavement. 


_ “Whenever the temperature may reach 32 deg. F., or lower, dur- 
ing the 24 hours following the placing of the concrete, the surface 
of the pavement shall be covered with hay, straw, or other material 
approved and as directed by the engineer, for at least 3 days. 


“Heating of aggregates may be required during the prolonged 
periods of freezing temperature, or lower. 


“Preparation and use of calcium chloride shall be as follows: 
Place one bag (100 lb.) of calcium chloride in a barrel and add 
sufficient water to make a solution of 25 gallons( one-half barrel). 
This solution should be stirred to be sure the calcium chloride is 
completely dissolved. 


“An amount (1% to 2 qts.) as directed by the engineer shall be 
added to the concrete mix for each bag of cement. The quantity 
of mixing water shall be reduced by the amount of calcium chloride 
solution used. The method of incorporating the solution into the 
concrete mix shall be approved by the engineer.” 

If the Public Works program is to be a success it is im- 
perative that everyone in charge of construction realize the 
importance of keeping each project working to the maxi- 
mum. Year-round concrete construction is one of the 
greatest factors in this success. That construction is prac- 
ticable in cold weather, if consideration is given to the 
protection necessary during the curing period of the ce- 
ment, has been fully demonstrated by actual practice. 

Not only is it worth while giving particular considera- 
tion to year-round highway construction on account of 
immediate labor conditions, but continuance of construc- 
tion work the year round is a most important factor affect- 
ing permanent prosperity. 


Measure and Draw Plans of Old 
Public Buildings 


Employ Architects and Engineers to Compile Valuable Records 


PROJECT recently started in Newton, 

Massachusetts (population approximat- 
ing 65,000) promises to develop useful tem- 
porary employment for many architectural 
and engineering draftsmen, if local organiza- 
tions representing these groups will promote 
similar plans in their respective cities. 

The city of Newton owns about 100 build- 
ings (schools, fire-engine houses, libraries, 
police stations, stables, and playground build- 
ings). Many of these buildings are more than 
50 years old, and—except in the case of very 
recent buildings—no plans of the structures 
remain in existence. 

The purpose of the new project is to sup- 
ply such plans. The lack of plans necessitates 
repeated visits to the buildings, and the tak- 
ing of measurements, whenever any informa- 
tion concerning them is required. In the event 
of fire loss, no record is on hand from which 
to make appraisals. 

Architectural and engineering draftsmen 
are now being given much needed employ- 
ment in making measurements and preparing 
plans of these city-owned buildings. When 


completed, the plans will be photostatted 
down to uniform size, and bound in folders, 
which will also contain a photograph of each 
elevation, a brief specification of the con- 
struction, and a description of the mechanical 
equipment. 

The records being compiled will be of great 
value to the city, for, as previously stated, 
they will save must needless traveling week 
by week, and they will supply invaluable in- 
formation in case of fire and for appraisal 
purposes. 

Harry A. Hageman, city building commis- 
sioner, obtained approval of this work as a 
CWA project, the city having appropriated 
$900 for materials. The work is in direct 
charge of Leslie H. Allen, formerly with the 
Aberthaw Company. ; 

Although this work is _ being carried 
through as a CWA project, the records ob- 
tained are so valuable that similar work might 
well be promoted in all cities having public 
buildings for which plans are not now avail- 
able, regardless of whether the project 1s 
financed by the city or government aid. 
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High Elastic Limit Steel as Concrete 
Reinforcement 


Committee of Highway Research Board Recommends 


Working Stresses of 25,000 to 30,000 Lb. 


A REPORT presented at the December annual meet- 

ing of the Highway Research Board by H. J. 
Gilkey, chairman of the project committee of the H. R. B. 
and professor of theoretical and applied mechanics at 
Iowa State College, describes a preliminary investigation 
of high elastic limit steel as concrete reinforcement in 
concrete roads, street pavements, and in reinforced con- 
crete structures. 

This investigation has been conducted under the joint 
auspices of the Highway Research Board and the engi- 
neering experiment station of Iowa State College, by 
George C. Ernst, special research assistant. 

In the search for improvement or economy in engineer- 
ing structures the use of high elastic limit steels as rein- 
forcement in concrete is one of the problems meriting and 
demanding investigation. Many questions have arisen rela- 
tive to the use of this type of reinforcement. The report 
reviews prior investigations which throw light upon the 
questions, and it also gives the results of this preliminary 
investigation, which covers the following points: 


A. A study of the design aspects of higher working stresses. 
1. Economical stresses. 
2. Possible effect on deflection. 
B. Practical use of higher working stresses in design. 
1. Choice of specifications. 
2. Choice of design diagrams. 
3. Redesign of a deck girder highway bridge. 
4. Design of columns. 
C. Possible economies of high elastic limit reinforcement. 
1. Quantity of material. 
2. Formwork cost. 
3. Increased cost of higher strength materials. 


It is concluded that high elastic limit steel reinforce- 


ment is satisfactory with a working stress of 25,000 or 
30,000 p.s.i., and that it has advantages in load-carrying 
capacity and in economy of design and construction. 

The report includes an outline of future investigations 
needed. There is also a bibliography. 


Types of Crack Fillers Studied by 
Highway Department 


H. ROOT, of the Iowa State Highway Commis- 
e sion, in a paper read before the thirteenth annual 
meeting of the Highway Research Board in Washington, 
in December, presented a record of the conditions of ap- 
plication and the results obtained with various fillers on 
three experimental road sections in Iowa. In 1931 five 
asphalts, three tars, one asphalt cut-back and one asphalt 
emulsion were tried on one road. In 1932 materials simi- 
lar to the more successful asphalts and tars used in 1931, 
and a heavier cut-back asphalt, were used on two other 
roads. 

The cut-back and the emulsion used in 1931 gave some 
trouble in application and neither appeared to solidify 
rapidly enough to be considered satisfactory for use un- 
der traffic. The heavier emulsion gave satisfaction, al- 
though it was difficult to apply. The asphalts with pene- 
tration around 100 at 25 deg. C. and fairly soft tars with 
a float test around 112 gave good results. 

The results of similar experiments in California and 
Connecticut are to be reported later. 


Beautifying Our Hishways 
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N his address before the annual meeting of the Ameri- 
can Road Builders’ Association in January, Thomas 
H. MacDonald, chief of the U. S. Bureau of Public Roads, 
stressed the importance of paying attention to the beauti- 
fication of our highways. Scars left by construction oper- 
ations should be eradicated, through grading, seeding and 
well-designed planting. 
The illustration shows what the California Division of 
Highways is doing in this respect. The spot here pictured 
is on State Route 37, between Gold Run and Airport, built 
in 1933. A culvert has been beautified and the brook 
flowing through it has been made accessible to the halting 
motorist. For the illustration, CONCRETE is indebted to 
California Highways and Public Works Magazine. 


California highway culvert 
beautified and brook made accessible 
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WHEELS, WHEELS, WHEELS! 83 Million of ’em 
—and a Slab of 24-Hour Concrete 


Pounded by Six- Years’ Traffic on 


Nation’s Busiest Highway, ‘Incor’ 
Concrete in Perfect Condition 


Back in 1928, shortly after ‘Incor’ 24-Hour 
Cement was first introduced, a Boston Post Road repaving job 
reached the heavily-traveled Main and Echo Avenue inter- 
section, New Rochelle, N. Y.- This road carries the bulk of 
passenger and truck traffic between New York, its suburbs and 
New England,—20,000 vehicles a day. 

To reduce detour time, ‘Incor’ was used for half of the inter- 
section. First important ‘Incor’ job in the New York area, 
engineers watched with critical eye. Yes, without question, it 
was gaining strength rapidly — but could it carry full traffic 


‘Incor’ makes better concrete because it is better cement — 
it has to be a better-quality cement to harden in 24 hours. 
Hardening in one-fifth to one-seventh of the time required by 
ordinary Portland, ‘Incor’ now makes it possible to eliminate 
highway detours and avoid business losses caused by long- 


load in a single day? 
Cylinders were tested at 24 hours; 10 minutes later barriers 
were down, the highway opened. Two hours later, a 30-ton 


steam shovel on a 10-ton carrier passed over the new concrete! Closed traffic arteries. 


In concrete buildings, column forms are stripped first morning 
Pounded by 83 Million Wheels! after concreting, floor forms that afternoon; one form-set does 


sib he work of several, reducing form and handling costs; financing 
Three years later, cores of ‘Incor’ and of same-age ordinary u ? 8 8 3 g 


Portland cement concrete were cut and tested. ‘Incor’ averaged 
6417 pounds per sq. in., ordinary cement 5516. Last March the 
photograph (at the right) was made with an ordinary camera. It 
shows as pretty a slab of concrete as anyone would want to look 
at. Pounded by ceaseless traffic, 10,000 cars a day for 5 years and 
8 months—83,000,000 wheels, if the slide-rule didn’t slip! 


‘INCOR’ 24-Hour Cement 


Please say, “I saw it in Concrete” 


expense reduced, revenue from investment begins sooner. 

The price of ‘Incor’ is now only little more than ordinary 
Portland Cement —a fraction of resulting economies. ‘Incor’* 
is made by the producers of Lone Star Cement, subsidiaries of 
International Cement Corporation, New York, and is sold by 


other leading cement manufacturers. * Reg. U.S. Pat. Off. 


How TO DOTIT 


+ Questions and Answers *¢ 
Consultation and Comment 


A department devoted to the solution of problems encountered in 
concrete work. Readers are welcome to add to or improve upon the 
suggestions printed and to submit their views for possible publication. 


Placing Mortar Coating on Old 
Concrete Floor 


I have made several attempts to place a new cement 
mortar on an old smoothly troweled concrete floor in 

a warehouse, but the coating will not stick to the sur- 

face. Can you suggest a method that might succeed? 

—A. G. D., Beatrice, Nebraska. 

The smoothly troweled surface of the old floor is prob- 
ably the main source of your difficulty. It is also quite 
probable that dirt (and perhaps some oil) has been 
ground into the surface. In that case you will probably do 
this work at the least expenditure of labor by roughening 
the present surface by means of a tool similar to those 
used for bush-hammering exposed surfaces of concrete. 
After the bush-hammering is completed, all loose material 
should be brushed off and then wetted. Just in advance of 
the new coat of mortar the wetted surface should be 
brushed with a coat of neat cement grout (a mixture of 
cement and water) about the consistency of thick cream. 

Through the removal of the present surface of the old 
floor, by means of the bush-hammering tool or some simi- 
lar device, several advantages are gained. In place of the 
old smoothly troweled surface you will have a_ fresh, 
roughened surface. In addition, most of the dirt and oil in 
the old floor surface will be removed in the bush-hammer- 
ing process. 

If parts of the floor still continue to show oil stains, the 
oil can be removed by one of the methods described on 
this page in former issues of ConcRETE, particularly in 
those of December, 193}, page 30, and January, 1932, 
page 30. 

e 


Possible Heights of Reinforced 
Concrete Towers 


In your issue of February, 1934, on page 24, refer- 
ence is made to a tower of reinforced concrete which 
the designer proposes to build to a height of 2,300 ft. 
as a feature of the Universal Exposition to be held in 
Paris in 1937. 

Can you refer me to any analysis of heights to 
which high towers of reinforced concrete construction 
can be built without having the allowable working 
stress exceeded because of dead weight and wind 
pressure?—R. A. S., Chicago, IIl. 

A staff article in the December (1933) number of 
Ferro-Concrete (London) quotes some notes communi- 
cated to that publication by Henri Lossier, the well-known 
French engineer, in which he analyzes this problem, for 
lightly reinforced and for heavily reinforced concrete 
tower structures. 

In the analysis it is assumed that by utilizing carefully 
selected and graded aggregates and cement of high 
strength, and placing the concrete under high-frequency 
vibration, an average 90-day crushing strength of 8,500 
lb. per sq. in. may be attained. It is further assumed 


2a 


that heavily reinforced concrete structural members can 
be made to attain a 90-day crushing strength of 17,000 Ib. 
per sq. in. over the gross cross-sectional area. Working 
stresses are taken at 0.36 of the crushing strength at the 
age of 90 days. 

Wind pressure is assumed at 50 lb. per sq. ft. at an 
altitude of 327 ft., 70 lb. at an altitude of 1,300 ft., and 
increasing (though not quite in a straight line) to the as- 
panes value of 140 lb. per sq. ft. at an altitude of 32,700 
te 

On the basis of these assumptions and working stresses, 
there is a definite height at which the actual stress becomes 
equal to the safe working stress. 

For a walled tower of pyramidal form, Lossier finds 
that this practical limit of height is approximately 4,500 
ft. for concrete with light reinforcement, and 8,500 ft. for 
heavily reinforced concrete. 

For rigid-frame towers, Lossier finds the practical limit 
of height at 8,000 ft. for lightly reinforced concrete and 
20,000 ft. for heavily reinforced concrete. He estimates, 
further, that the lightly reinforced concrete tower would 
be the most economical up to a height of about 3,300 ft. 
For heights ranging from 3,300 to 7,000 ft., heavily rein- 
forced concrete would be the most economical. For towers 
exceeding 7,000 ft. in height, Lossier believes special high- 
tension structural steel might cost less than heavily rein- 
forced concrete. 

Lossier has elaborated a design for a proposed rein- 
forced concrete tower 4,000 ft. high. 


Porous Concrete Well Casings 


What proportions should be used in making con- 
crete for well casings, in order to have it sufficiently 
porous to admit water readily from water-bearing 
soiul?—D. E. L., Manhattan, Kans. 


Regarding actual proportions, this will vary with the 
nature of the aggregates available; but, in general, the 
finer particles of sand must be omitted from the mixture. 
It is best to make up several samples of aggregate for 
experimentation, in one case screening out and discarding 
all sand passing the No. 16 screen, in another case omit. 
ting all sand passing the No. 8 screen and a third, all sand 
passing the No. 4 screen. a, 

Then obtain bottomless metal cylinders or boxes—6 by 
12- in. or 8 by 16-in. concrete test cylinders would be 
satisfactory—and fill the bottom part of the cylinders with 
concrete made from each of the sample aggregates. The 
concrete in the cylinders should have a depth equal to the 
proposed thickness of the well casing. After the concrete 
has hardened, measured quantities of water poured into 
the cylinders will demonstrate the relative porosity. 

Well casings are also made with precast concrete units 
curved to a given radius and provided with tongues and 
grooves. Such units are set up without mortar. As with 
monolithic concrete casings, the best proportions to use 
should be determined by experiment. 
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SERVICISED 


EXPANSION JOINTS 


5) ij SPONGE RUBBER 
Ma TOSI CORK 
FELT SIDED 
PLAIN 
COMPOSITION 


BRIDGE PLANKING 
PROTECTION COURSE 


SERVICISED Bridge Planking has 
now been in use for more than 
seven years! No SERVICISED 
Planking has ever been replaced where 
it was recommended for the job. It is 
made in Standard, Sementread and Rock 
Surfaced styles and-is in use on the 
main Chicago bridges where probably 
more traffic is encountered than on any 
other thoroughfare. 


ASPHALT PLAN KING STANDARD_SEMENTREAD 


SEMENTREAD is a new skid-proof planking—one which can 
be guaranteed skid-proof—when laid horizontal to the traffic 
it promptly stops the forward motion of the car, and when laid 
vertical to the traffic it stops the side skid as well as forward 
skidding. SEMENTREAD comprises a cement rib keyed in the 
asphalt plank surface, which adds rigidly to the surface also 
making it skid-proof. This material is especially adapted on 
city bridges and viaducts where wet days are a menace to 
trafic and where short skids are dangerous and cause acci- 
dents. Be sure to learn about this product before laying an- 
other foot of planking! 


Skid-Proof Your 
Bridges 


CENTER ROAD 
MARKINGS 


SEMENTREAD 


planking in six or SERVICISED Expansion Joints, whether sponge rubber, 
eight inch widths is cork, felt sided, or plain composition, excel! SERVICISED 
highly adapted for Expansion Joints have given service over a period of twelve 
years, and are found in State highway work in every State 
in the Union which has used Expansion Joint within this pe- 
riod. You will not be doing justice to your organization 
without securing prices and learning about these products. 


road marking pur- 


poses having alter- 
nate black and white 
or black and yellow 


Rock Surfaced Planking 


ROCK SURFACED planking comprises ; ‘ 
SERVICISED asphalt planking Pehb! lines —the lines z 
imbedded in its surface particles o 5 
soak, We do not believe that this is consisting of Port ; a 
pereuyinm of acc ast ek id<proak” 3° land cement. Write today for full particulars on 
SEMENTREAD. It, however, prevents 

skidding to a greater extent than the SERVICISED Products 

plain surfaced asphalt planking. 


SERVICISED PRODUCTS CORPORATION 


6051 WEST 65th STREET, CHICAGO 


Please say, “I saw it in Concrete” 
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Coming Conventions 


April 19—National Safety Council. Eleventh An- 
nual Safety Engineering Conference. Pittsburgh, Pa. 

April 23—Building Officials Conference of Amer- 
ica. Hotel Stailer, Boston. Wm. F. Hurd, Secretary, 
Room 203 City Hall, Indianapolis, Ind. 

April 30-May 1—National Safety Council. New Eng- 
land Safety Conference. Boston, Mass. 

May 14-17—National Fire Protection Association 
Meeting. Atlantic City. Robert S. Moulton, Technical 
Secretary, 60 Batterymarch Street, Boston, Mass. 

June 25-29—American Society for Testing Mate- 
rials. Annual. Chalfonte-Haddon Hall, Atlantic City, 
N. J. 

July—The National Terrazzo and Mosaic Associa- 
tion. 1934 Convention. Torento. J. M. Fuhrman, 
Secretary and Treasurer, 524 Brook St., Louisville, Ky. 


Construction Work Shows Big 
Increase 


March Reports Great Advance Over February 
and Over March of Year Ago 


oars awarded for all classes of construction in 
the 37 states east of the Rockies during the initial 
half of March reached a total within 4 per cent of the 
volume reported during the entire month of February, ac- 
cording to figures of F. W. Dodge Corporation. Con- 
struction awards in the first 15 days of March, totaling 
$92,521,800, were larger by 55 per cent than the total 
reported for the entire month of March, 1933. Although 
the increases over last year were due chiefly to larger gov- 
ernmental undertakings, the Dodge bulletin indicates a 
moderate gain in privately-financed construction projects 
as well. 


Ready-Mixed Concrete Code Approved 
ap HE code of fair competition for the ready-mixed con- 


crete industry was approved on February 28. 

The code fixes a basic maximum work-week of 40 hours 
and a basic minimum wage of 35 cents an hour in the 
South, 45 cents an hour in the North, 40 cents an hour in 
the intermediate area, and 50 cents an hour in New York 
City, with a decreasing scale of five to ten cents an hour 
in cities ranging from 500,000 population down to 75,000 
population, and for cities of less than 75,000 population. 
About 7,500 persons are employed in the industry. 


F. C. Brown, business consultant, Washington, D. C., 
has been appointed as Administration Member of the Code 
Authorities of the ready-mixed concrete industry and also 
the concrete masonry industry. 


Code Authority Headquarters 


apse CODE AUTHORITY for the Reinforcing Mate- 

rials Fabricating Industry has established its office at 
201 North Wells Street, Chicago, Illinois, with R. W. 
Johnson as secretary. Incidentally, the building at this 
address, a structure twenty-nine stories high, is said to be 
the tallest building in the United States having a structural 
frame of reinforced concrete. 
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Construction Industry Organizes. With its membership 
officially approved by NRA, the General Contractors’ Di- 
visional Code Authority, set up under chapter two of the 
code of fair competition for the construction industry, 
met in Washington early in March to perfect arrange- 
ments for registering every general contractor in the coun- 
try and launching active administration of the code on 
March 19, its effective date. 

Headquarters for the General Contractors’ Divisional 
Code Authority have been established at the Munsey Build- 
ing, Washington, D. C. 


From the Patent Office 


By J. KAPLAN 
Patent Attorney, Washington, D. C. 


Joint for concrete road: Walter S. Edge, Pittsburgh, Penn- 
sylvania. U. S. Pat. 1,926,516, Sept. 12, 1933.—This joint is formed 
by cleaving the concrete slab along a predetermined line and simul- 
taneously smoothing the walls of the joint while the concrete is 
still plastic. A cold liquid filling material is then poured into the 
joint. 

e 

Agitating ready-mixed concrete: Edward A. Hoffmann, Read- 
ing Pennsylvania. U. S. Pat. 1,926,623, Sept. 12, 1933.—Ready- 
mixed concrete transported in a truck with an agitator body is 
kept conditioned by subjecting it to a combined slow rolling and 
flowing motion which also expels entrained air from the mixture. 


Interlocking concrete face brick: Frank E. Clark, Bridge- 
port, Connecticut. U. S. Pat. 1,947,188, Feb. 13, 1934.—This con- 
crete face brick displaces six bricks of standard size. The unit has 
interlocking features and may be laid up to produce either a hol- 
low or a solid wall. Economy is claimed as a distinct additional 
advantage. 

e 


Cementing well casing: Charles R. Edwards and Oscar 
Codier, Houston, Tex. U. S. Pat. 1,934,701, Nov. 14, 1933.—This 
process of cementing casing into a well, under water, comprises 
transporting hydraulic cement in a dry state, and carrying em- 
bedded in the cement a frangible receptacle containing a set- 
accelerating agent. When lowered to the level where cementing is 
to be done, the cement is released, the receptacle is broken, and 
the mixture, being under water, forms a quick-setting paste. 


Bending metal bars: Friedrich Schlagintweit, Baden-Baden, 
Germany. U. S. Pat. 1,933,189.—The machine comprises two paral- 
lel sleeves, each permitting the passage of one bar. Coiling rollers 
driven by gearing are carried eccentrically at the ends of these 
sleeves. 

6 


Making and hardening concrete pipe: Manabu Tada, Tokyo, 
Japan. U. S. Pat. 1,932,150, Oct. 24, 1933.—While the concrete is 
still plastic and in the molds it is subjected to an atmosphere of 
CO., for the purpose of effecting a surface hardening sufficient to 
permit immediate removal of the molds. 


Art marble or stone: Herman Ziegler, Maspeth, N. Y. U. S. 
Pat. 1,935,535, Nov. 14, 1933.—Artificial marble is produced by 
subjecting a supply of cement in a substantially liquid state to the 
action of air under pressure, by blowing the air on the top of the 
soft cement, after which the cement is allowed to cure in air under 
ordinary atmospheric pressure. 


Art stone and method of manufacture: Hynek O 
Cleveland, Ohio. U. S. Pat. 1,935,985, Nov. 21, 18k Thee ee 
tion comprises an artificial stone resembling marble, having a body 
portion formed of chalk ‘and portland cement, and a polished sur- 
face formed of a layer of oxalate crystals, fluoride and waterglass. 
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PENNSYLVANIA: 


e 13 years experience 


"a Pennsylvania is but one in 
the procession of states in which Calcium Chloride is 
an officially approved method of concrete curing, 
these statements (made in 1931) by engineers of its 
Highway Department are typical of reports made 
wherever experience has had opportunity to speak: 


“The Pennsylvania Department of Highways has 
used the Calcium Chloride admixture method of 
curing for ten years, the last six as an alternate to 
wet earth or straw. This method has grown in 
popularity until at the present time more than 
95% of our concrete roads are cured in this manner. 


“From strength tests, examination of road surfaces, 
crack surveys, drilled cores, examination of rein- 
forcing, we are convinced that under our conditions 
this method is a satisfactory alternate method of 
curing and gives us the advantage of higher early 
strength with a resulting advantage of earlier 
opening of pavement to traffic.” 


THE ECONOMIES of Calcium Chloride curing 
are obvious and decisive: No costly covering of 
earth or straw; no long stretches of piping for 
water supply; no repeated wetting and supervision 
day after day; no heavy waste or expensive removal 
of cover materials and accessories. 


THE RESULTS of Calcium Chloride are equal to, 
and in many respects far better than, those from 


any other method: Calcium Chloride assures an 
even, controlled hydration of the slab; cures uni- 
formly; minimizes volume changes; accelerates the 
set (increases 48-hour strength by 30% or more). 


THE ADVANTAGES: To the public—early open- 
ing of highway to traffic; early elimination of the 
inconvenience and wear-and-tear on vehicles from 
bumpy detours. To the contractor—faster opera- 
tion; fewer chances of bad-weather delays; a quick 
clean-up and early availability of equipment for 
the next job. 


When so many definite benefits are certain; when 
so much research, experience and endorsement (by 
the U. S. Bureau of Public Roads, state highway 
departments, contractors and engineers) is on rec- 
ord... the profitable results of Calcium Chloride 
for concrete curing are obvious. Both “integral” 
(in the mix) and “surface” methods are fully cov- 
ered in the latest literature which will gladly be 
sent on request directed to any of these members 
of the CALCIUM CHLORIDE ASSOCIATION: 


THE COLUMBIA ALKALI CORPORATION................ Barberton, Ohio 
MICHIGAN ALKALI CO..____... Hecersececeske 10 E. 40th St., New York City 
THE DOW CHEMICAL CO........4..-..------2--00----ceeeeeeeee Midland, Michigan 
SOLVAY SALES MCORP ee receseterenree = 61 Broadway, New York City 


CALCIUM CHLORIDE 


for modern 


concrete 


curing 
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Is a 
Guide to Gold 


The “pot of gold at the end of the rain- 
bow” really exists when the rainbow is 
made, like the one above, of Star and An- 


chor Colors. Profit comes to the builder 
who uses them. Some of it is reputation, 
for Anchor and Star Colors never betray 
their chooser by changing. Most of it is 
in cash, for concrete structures colored 
-with Star and Anchor Colors sell more 
readily at better prices. 


In more than half a century of experience 
we have proved these statements true. 
Anchor and Star Colors are timeless, eco- 
nomical, easy to handle, uniform, depend- 
able. Get a sample and do some experi- 
menting—its interesting and certainly will 
be useful. Write for it now. 


Associated Companies 


C. K. Williams & Co. Geo. S. Mepham & Co. 


644 N. 13th St., Easton, Pa. 
88 Kent Ave., Brooklyn, N. Y. 
1500 S. Western Ave., Chicago, III. 1500 S. Western Ave., Chicago, Ill. 


“Over Half a Century Making Good Colors” 


MORTARLESS 


Last Word in 


Construction 


Economical, Everlast- 
ing, Earthquake- 
Resisting 


Structural Drawing on 
Request 


Our powerful press ma- 
_ chines are fast, efficient, 
- and unequaled in econ- 


WITHOUT 
MORTAR 


SIZES i \ 

4x6x16 | \ 2B 

6x6x16 i) , Co 

8x6x16 Th aft ee 

12x6x16 Nw | 4 
HN 


Patented 


Our concrete block con- 
struction approved in 
California quake zone. 


Write for particulars 


Mortarless Tile Machine Co., Inc. 


22 Carrillo Bldg. Santa Barbara, Cal. 


20th & Lynch Ave., East St. Louis, Ill. 
107 N. Montgall Ave., Kansas City, Mo. 
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New Books and Pamphlets 


Reinforced Concrete Design 


REINFORCED CONCRETE—MEcHANICS AND DesIGN, by 
Robert A. Caughey, Professor of Structural Engineering, 
Iowa State College. For sale by Iowa State College Book 
Store, Ames, Iowa. Stiff paper cover, 160 pages, 84 x 
11 in. Numerous design charts, drawings, tables and 
plates. Price $2.70. 

This manual has been written for the primary purpose 
of providing a textbook in the mechanics and design of 
reinforced concrete. It meets the requirements of the 
student as well as practicing structural engineers who, 
though conversant with methods of routine design, desire 
a more complete knowledge of design principles so neces- 
sary to the solution of unusual problems. 

In addition to the treatment of structural members of 
buildings, the book includes chapters on composite mem- 
bers of concrete and structural steel, design of arches and 
rigid frames, design of masonry dams, and design of re- 
taining walls. 


Wheel Loads on Highways 


Wuo Swart Use THE Hicuways, AND How, is the title 
of a 16-page illustrated pamphlet published by the Ameri- 
can Association of State Highway Officials, 1222 National 
Press Building, Washington, D. C. 

This booklet is concerned mainly with a study of size 
limits and wheel-load limits for highway transport units. 
States are urged to adopt uniform regulations. The pro- 
posed standards are more conservative than the loads now 
permitted by many states. Limits recommended are 35 
ft. in length for single units, 45 ft. as the combined length 
of two units, height 121% ft., and width 8 ft. Wheel loads 
shall not exceed 8,000 and 9,000 Ib. on high and low- 
pressure pneumatic tires, respectively. 

Railroad interests are severely criticized for their efforts 
to dictate rules for highway transport. 

Copies of this booklet should be in the hands of all 


state highway officials and state legislators. 


Early-Strength Concrete in Road 
Construction 


EARLY-STRENGTH CONCRETE—EFFECT OF TEMPERATURE, 
by H. F. Clemmer, is the title of a 16-page, 6 by 9-in. 
booklet published as Bulletin No. 42 by the American 
Road Builders’ Association. 

The booklet contains valuable information on all-year 
concrete highway construction, the information being 
based on the results of laboratory and field investigations 
carried on in Washington, D. C. Copies of the booklet 
may be obtained, on request, from the Calcium Chloride 
Association, 2075 Penobscot Building, Detroit, Michigan. 


Cement-Bound Macadam Specification 


SPECIFICATION FOR CEMENT-Bounp MacaDAM PAVEMENT 
is the title of an 8-page printed bulletin, 714 by 10 in., is- 
sued by the Portland Cement Association, 33 W. Grand 
Ave., Chicago, Illinois. 

This specification, printed in this separate form for the 
convenience of highway engineers, has been revised in 
the light of information developed as a result of the con- 
struction of the experimental road of cement-bound 
macadam at Elmhurst, Illinois, in 1933. 
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ORGANIZATIONS 


AmeEriIcAN AssociaTION oF Strate HicHwAy Orriciats; W. C. 


Markham, Executive Secretary, 1222-24 Nati "14 
Washington, D. C. y ational Press Building, 


AMERICAN CHEMICAL Society, Mills Building, Washington, D. C. 


Amercian Concrete Institute; Harvey Whippl 
, : pple, Secretary, 7400 
Second Blvd., Detroit, Mich. Thirtieth annual aevion Feb- 
ruary 20-22, Royal York Hotel, Toronto, Canada. 


AmeErIcAN Concrete Pree Association; M. W. Lovi 
; M. W. Loving, Secretar 
33 West Grand Ave., Chicago. y. : 


American Instirute or Cnemicat ENcrINerrs, Bell Court 
Bldg., Philadelphia, Pa. , Bellevue Cou 


American Ratway EncIneErtNc Association; E. H. Fritch, Sec- 
retary, 59 East Van Buren St., Chicago, II. 


AMERICAN Roap Butwoers’ Association; Chas. Upham, Engineer- 
Director, National Press Building, Washington, D. C. 


AMERICAN Society or Civiz Encineers; Geo. T. Seabury, Secre- 
tary, 33 West Thirty-Ninth St., New York City. 


AMERICAN SocleTy For Testinc Marertats; C. L. Warwick, Sec- 
retary-Treasurer, 260 S. Broad St., Philadelphia, Pa. 


ASSOCIATED GENERAL Contractors oF America; E. J. Harding, 
Managing Director, 222 Munsey Bldg., Washington, D. C. 


Buitpinc OFrictaLs CoNFERENCE OF AMERICA; Wm. F. Hurd, Sec- 
retary, Room 203, City Hall, Indianapolis, Ind. 


Cast Stone Institute; L. A. Falco, Secretary, Chapel St. and 
Blatchley Ave., New Haven, Conn. : 


Cement Institute; H. C. Lundborg, General Manager, 11 East 
44th St., New York City. 


Concrete Rerinrorcine STEEL Instirute; R. W. Johnson, Secre- 
tary, 333 North Michigan Ave., Chicago, IIl. 


EncIneErING INSTITUTE OF CANADA; 2050 Mansfield St., Montreal, 
Quebec. 


Hicuway Research Boarp; Roy W. Crun, Director, 2101 Consti- 
tution Ave., Washington, D. C. 


Jormnt CoMMITTEE ON STANDARD SPECIFICATIONS FOR CONCRETE AND 
ReINFoRcED ConcreTE; F. R. McMillan, Secretary, 33 West 
Grand Ave., Chicago. 


Nationa Boarp oF Fire Unperwriters; W. E. Mallalieu, General 
Manager, 85 John St., New York City. 


Natrona Concrete Buriat Vautt Association; J. H. Stuart, Sec- 
retary-Treasurer, Bremen, Ohio. 


NatronaL Concrete Masonry Association; Horace W. Bush, Sec- 
retary and Treasurer, 211 Edgemont Place, Teaneck, N. J. 


Natrona, CrusHep Stone AssocraTion; J. R. Boyd, Secretary, 
1735 14th Street, N. W., Washington, D. C. 

NATIONAL FirE ProTection ASSOCIATION; Franklin H. Wentworth, 
Managing Director, 60 Batterymarch St., Boston, Mass. 

Nationa, Lime Association; Norman G. Hough, Secretary and 
Manager, 927 Fifteenth St., N. W., Washington, D. C. 

Nationa Reapy-Mixep CoNcRETE ASSOCIATION; Vv. P. Ahearn, 
Secretary, 545 Munsey Bldg., Washington, DIG: 

NATIONAL SAND AND GRAVEL ASSOCIATION; Vv. P. Ahearn, Executive 
Secretary, 545 Munsey Bldg., Washington, D. C. 

Nattonat Siac Association; H. J. Love, Secretary-Treasurer, 1449 
Leader Bldg., Cleveland, Ohio. 

NationaL Terrazzo AND Mosaic ASSOCIATION; J. M. Fuhrman, 
Secretary-Treasurer, 524 Brook Street, Louisville, Ky. 

New Jersey STATE Concrete Propucts ASSOCIATION; Horace W. 
Bush, President, Lyndhurst, Nee 

PortLANpD CEMENT ASSOCIATION; Edward J. Mehren, President; 
William M. Kinney, General Manager, 33 West Grand Ave., 
Chicago. 

Rar Street Bar Association; H. P. Bigler, Engineering Secretary; 
Builders’ Bldg., 228 N. La Salle St., Chicago, Il. 

Wire REINFORCEMENT INSTITUTE; R. D. Bradbury, 
National Press Bldg., Washington, D.C: 

Wisconsin Concrete Propucts MANUFACTURERS” ASSOCIATION, 
Inc.; L. E. Schwalbe, Secretary, Wauwatosa, Wis. 


Director, 


CUTTING TOOLS 


A No. 4 Porter Clipper will cut %” soft steel rods or a 
%’ annealed bolt in the thread. These powerful tools 
have many uses on concrete and road building jobs. (We 
recommend special patented round edge jaws for cutting 
reinforcing rods.) A No. 24 Porter Angular Cutter will 
cut tie wire close up to the wall. This tool has a capacity 
up to 5/16” on soft steel rods or wire. Easy to operate 
from any angle. 

Write for circular describing the 

Porter line. Sold by leading job- 

bers and supply houses. 


H.K.PORTERwc.cxerett, Mass. 
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CUT REINFORCING 
RODS and TIE WIRE 
QUICKLY 


Illustrations 
show actual 
size materials 
that can be cut 
with largest size 
Porter tools. 


AUTOMATIC 


PROFITS FOR YOU! 


Profits that come steadily all year ’round every 
year. There is never lack of customers. There 
is never lack of funds to pay you—life insurance 
and other benefits assure payment. That is why 
there are automatic profits from “The Automatic 


Sealing Vault.” 


The best season of the year is here now. Start 
yourself in this paying business while it is pay- 
ing best. One set of molds makes several sizes 
of each vault—no big investment. You already 
have everything else you need if you are in the 
contracting or produce business. Our free book 
tells you all about it. Send for it and start mak- 


ing “Automatic” profits right away. 


THE AUTOMATIC SEALING VAULT CO. 
434 E. RIVERSIDE DRIVE 


PERU, IND. 


| “The Automatic 
Sealing Vault” 


“The Inverted Air 
Seal Vault’? 
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OTHER JAEGER 


“SURE PRIME” PUMPS 
“—4"—6" SIZES 


ONLY *180°° 


f. o. b. Columbus, buys 


10,000 GAL., 2” 
“SURE-PRIME” 
CENTRIFUGAL 


(WITH STRAINER ONLY $165) 


This rugged, powerful, little pump 
handles more water and serves more 
jobs for you, single handed or in 
tandem or multiple. Performs at lifts 
and heads where many pumps quit. 
Larger sizes at similar low prices. 
Write us for new catalog, just out. 


THE JAEGER MACHINE CO. 
522 Dublin Ave., Columbus, Ohio 


TIMKEN BEARINGS 
BIG 234 H. P. ENGINE 


THE STEEL INDUSTRY 
SINCE 1890— 
OUTLOOK For 1934 


The industry in retrospect and prospect is contained in a 
special study released to our Clients. 


This pamphlet is available without obligation to any Steel 


Executive who will write for it on his own letterhead, 
marking it for the attention of Department C-69. The 
offer is made to illustrate to possible prospective clients 
just to what extent the Brookmire organization goes to 
answer questions arising in the normal course of its work 
in the field of economic research and investment super- 


 BROOKMIRE, INC. 


551 Fifth Avenue New York, N. Y. 


Administrative Economists and Investment 
Counselors for 30 Years 


ECONOMY 
DOUBLE 


Invaluable 
for concrete 
form work. You 
; can drive them home 
i” and they hold much more 
LAA ¢ tightly than the ordinary 
Za or nail. Nails can be withdrawn 
ig as and lumber and nails used over 
> many times. Hold fast but pull eas- 
ily. Let us send you half dozen nails to 
try out with your own hammer. Just drop 

a line to— 


THE F. A. NEIDER.CO;, Inc. 


Augusta, Kentucky 


a 

VE FOUND 

ey THE BEST 
HOTEL VALUE 


re 


Just think... mod- 
ern, new hotel, in the 

HER) reyes heart of New York— 
\ 200 feet from. Broad- 
Fas way, on: 45th Street. 

A room and bath for one, 


$2.50; for two, $3.50. 


(PIGGADIEY, 


45th-STREET and BROADWAY @ NEW YORK 
WILLIAM MADLUNG, Mang. Dir. 
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1s Blaw-Knox Company of Pittsburgh has developed for the 
1934 construction season a road finisher for concrete and bitumi- 
nous paving which is fully electrically powered, power being fur- 
nished by a generator direct connected to a gas engine, mounted 
on the machine. : 

Before placing this machine on the market, they claim it was 
tested and proved on four paving projects, totaling twenty miles, 
in connection with which it proved its ability to build ribbon 
smooth roads speedily and economically. An electric drive permits 
greater ease of operation. It has finger touch control without exer- 
tion of any particular effort on the part of the operator, who is now 
able to devote his time to better finishing, rather than to the me- 
chanics of machine control. 

The new Blaw-Knox gas-electric finisher has four speeds forward 
and reverse. Traction is now equal on all four wheels, and maxi- 
mum grades under a full load can be covered with ease. 

The machine is equipped with automatic brakes, which hold the 
finisher on all grades. It has electric connections for floodlighting 
for night work, with ample reserve power, which can be used for 
operating tools if necessary. It is equipped with roller bearings 
and is bronze bushed throughout. It is designed for addition of 
vibrating attachments, tamper, and accessories for bituminous 
paving. 


A NEW internal vibrator is illustrated 
and described in a recent folder by the 
Syntron Company of Pittsburgh. This 
vibrator, with a speed of 3,600 vibrations 
per minute, 110 volt, A. C., is designed 
for settling concrete in flat slab construc- 
tion, according to the manufacturers, the 
spud reaching down through the mass 
and vibrating the forms underneath, the 
reinforcing and the mass itself. They 
say it is especially adaptable for vibrat- 
ing down around girders in floor con- 
struction as the thin, steel blade spud 
can easily get in between the beam and 
the form. 


The Syntron internal vibrator 


Paes is an aggregate said to con- 
tain a metallic ingredient which conter- 
acts shrinkage of setting concrete, thus 
producing a perfect, level bearing sur- 
face. This metallic element contributes 
the “give and take” ductility—an impor- 
tant factor in the life of the job. It is 
the product of the Master-Builders Com- 
pany, Cleveland, Ohio. 


dhe Loxit system for laying floors employs a metal channel 
lts-in. wide by 5/16-in. high with overlapping top edges, to be 
laid over the sub floor in the same general manner as the old- 
fashioned wood sleepers. The channels are laid 12 or 16-in. o c.— 
the ends are lapped (not butted)—leveled, and fastened directly 
to the concrete slab. The wood flooring is then laid in the usual 
way with a specially designed clip to be slipped into the channel 
by the carpenter immediately ahead of the last board. As the ear- 
penter drives up the next board, the clips are driven into place 
Driving up the next board forces the clips to bite into and over 
the tongue of one board and embed themselves in the groove of 
the other, thus securely locking both boards together and to the 
channel. The tongues of the clips are slotted 80 that they may 
easily adjust themselves to the tongue and groove of the foath 3 
They are made slightly wider at the bottom than the chastise 
thereby assuring a tight gripping contact. 5 

The Loxit system is said to be especially suitable for Jaying 
floors over concrete slab construction. ; re 
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Merartacep JOINT is ue name of a new closed joint for 
I roads, just announce the A. O. i \ i 
1 hone i y O. Smith Corporation, 
The principle of design, according to the manufacturer, involves 
a vertical plate through which is threaded a zig-zag steel rod. No 
stakes or supports are required. The plate is shaped so as to pro- 
vide a very efficient slab interlock or transfer of load vertically, 
while the zig-zag rod serves to “lace” the slabs together. The joint 


Smith Metal-Laced 
Joint for concrete 
roads 


is mathematically proportioned to use every pound of metal in an 
efficient manner. Incidentally, this joint furnishes a desirable steel 
reinforcement of the slabs for 10 inches along adjoining sides. 
“Metal-Laced Joint” is produced in standard 10-foot units, and 
designs are available for both longitudinal and transverse joints. 


rex eeANe and Trail-Plane are devices said to economically 
install contraction joints—premolded material % or %-in. thick, 
removable V-plate, moulding strips for poured joint, or the com- 
pany’s own Seal-Flex asphaltic ribbon joints. These machines, man- 
ufactured by the Flexible Road Joint Machine Company, Warren, 
Ohio, can be pulled by the finishing machine, or equipped with 
hand traction. Catalog L-5 describes them fully. 


lies “FE” pump, for unloading bulk cement from hopper bot- 
tom cars or for transporting cement from L. C. L. containers or 
box cars, where electricity is not available, is recommended by the 
Fuller Company, Catasauqua, Pa. They claim this pump is capable 
of transporting cement over distances beyond the economical limits 
of mechanical conveyors. It is simple, easily installed and operated 
by common labor, they say. 


e 
| armen’ Jr., is a new machine offered by Joltcrete, Inc., 
Yonkers, N. Y., with a new method of block making—the wet 
mass is jolted into the molds and almost immediately the finished 
product is stripped. The machine is said to be a complete power 
plant and turns out all sized blocks, including ashlar, both random 
and coursed. The rapid action of the jolting (3,500 blows per 


minute) tends to give the concrete a kneading action. 
e 


MineratsurFAceD 
asphalt bridge plank, as of 
fered by Johns-Manville, | 
New York City, is said to} 
withstand considerable vi- 
bration and deflection, to be 
strong, durable and to knit 
and heal under traffic. They | 
also claim greatly improved | 
traction when wet. 

It is easily applied with ; 
simple tools and local work- 
men. Specifications for ap- § 
plication over concrete deck 


are ready for distribution. 
@ 


N uintertockinc brick block construction and machinery 
has been patented by the Bridgeport Stone Company of Bridgeport, 
Conn. These blocks, finished in any color, are designed for solid 
or hollow walls and for rapid construction as each block is said to 


displace six ordinary brick. 
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JAEGER ~ — Flanptes Like 


A7S 


Fastest, easiest to handle 
2 bagger, all-steel, short 
. coupled, with knuckle 
\. steering, roller bear- 
ing wheels. Water 
Regulator meets all 
state require- 
ments. 


GET_OUR 
LOW 
PRICES 


Tilting, non-tiltin 

Mixers, Contractor 
Pumps, Placing Equip- 
ment. Send for catalog. 


The JAEGE 
522 Deore R DY CINE Coe Ohio 


Giant Cement has been used with 
confidence for 45 years by leading 
contractors and engineers in some 
of the largest concrete construction 
work in the country. 


GIANT PORTLAND CEMENT COMPANY 


370 Lexington Ave. 
New York 


Pennsylvania Building 
Philadelphia, Pa. 


BESSER 


Plain Pallet Strippers pay for themselves in 
first cost and in operating cost as they make 
an endless variety of concrete units upon a 
single set of inexpensive plain Pallets. Now 
available at any price and capacity desired and 
with improved features. 


Complete sales and service on BESSER, ANCHOR, 
CONSOLIDATED, IDEAL, HOBBS, UNIVERSAL 


Complete equipment for concrete products plants 


BESSER MANUFACTURING COMPANY 
203 34th Street Alpena, Michigan 


Ask us about attachment for making the new oscillated waterproof 
cinder units 


EARN EXTRA INCOME 


EARN EXTRA INCOME 
MAKE COLORCRETE PRODUCTS 
—Profitable. Sell for over 4 times 
cost to make, Offers quick returns 
and future growth. You have a 
growing market, protected right in 
your own territory. Easily made. 
Only small workroom required. Your 
materials cost little and are obtained 


locally, START NOW 

With a few molds you can_ start 
making Colored Pottery, Vases, 
Boxes, Birdbaths, Garden Seats, 
Flagstones, Fireplaces, Porches, etc., 
for big spring and summer demand. 
With Colorcrete you can supply 
these in 30 Colors and _ Shades. 
Beautiful and Exclusive designs that 
sell quickly. We start you_ right. 
Franchise Free. Molds cost $20 up. 
Write today for complete informa- 
tion. Also ask for Machinery catalog 
for making block, brick and tile. 


COLORCRETE INDUSTRIES, Inc. 


A Profitable Side Line 510 Ottawa Avenue Holland, Mich. 
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BOOKS On Concrete 


List No. 1—Reinforced Concrete Engineering Design 


(Prices quoted are for cash in advance, and include postage) 


GENERAL ENGINEERING HANDBOOK. By Charles Ed- 
ward O’Rourke and 29 associates. Flexible cover; 921 
pages, 5 by 8 in., numerous tables, diagrams, and illustra- 
tions. Price $4.00 


This book assembles a great amount of fundamental en- 
gineering data in usable form, 31 separate sections dealing 
with as many specific branches of engineering. Of particular 
interest to engineers who specialize in the use of concrete as 
a structural material are sections devoted to “Highways,” 
by Thomas R. Agg; ‘Reinforced Concrete Structures,”’ and 
“Stresses in Framed Structures," by Charles Edward 
O'Rourke; “Engineering Materjals,"" by Herbert H. Scofield; 
“Foundations,"’ by Roland P. Davis; and “Mechanics,” by 
Alfred P. Poorman. 


REINFORCED CONCRETE CONSTRUCTION. By George 
A. Hool, Professor of Structural Engineering, University of 
Wisconsin. 

Vol. I—Fundamental Principles. Third Edition. 
380 pages, 6x9, 139 illustrations, 18 tables, 28 
diagrams ..... Palas aca uenasaectmaek feat donawaniatevaeeamusevccattoeoere $3.50 


Vol. Il—Retaining Walls and Buildings. Second 
Edition. 700 pages, 6x9, illustrated 


Vol. III—Bridges and Culverts, 688 pages, 6x9, 
over 600 illustrations, 41 plates $6.00 


CONCRETE ENGINEERS MANUAL. By Samuel Baker 
and A. DeGroot. Cloth, 401 pages, 5 by 7% in., numerous 
drawings, charts and tables. Price $3.00 


This volume is intended as a textbook for students of 
concrete engineering, and as a reference book for designers, 
foremen, inspectors, and others involved in the design of 
concrete structures and in the making and placing of con- 
crete. The book contains a complete description of the mod- 
ern methods of proportioning concrete mixtures, mixing and 
placing concrete and steel, and providing waterproofing. 
Mathematical tables and the fundamental principles of 
mathematics and mechanics of materials, as applied to rein- 
forced concrete designs, are included. 

Among other subjects treated in individual chapters are 
form work, foundations, design of retaining walls, and esti- 
mating concrete work. 


PRINCIPLES OF REINFORCED CONCRETE CONSTRUC- 
TION. By F. E. Turneaure, Dean of the College of Engineer- 
ing, University of Wisconsin, and E. R. Maurer, Professor 
of Mechanics, University of Wisconsin. Fourth Edition. Re- 
vised and largely rewritten. 461 pages, 6 by 9. Fully illus- 
trated. Cloth Net $4.00 


A general textbook on design, including material from 
actual designs relating to experimental results, and the 
theory of flat slabs. 


CONCRETE ENGINEERS’ HANDBOOK. By George A. 
Hool and Nathan C. Johnson, assisted by S. C. Hollister, 
and with chapters by Harvey Whipple, Adelbert P. Mills, 
Walter S. Edge, A. G. Hillberg and Leslie H. Allen. 800 
pages, 6 x 9. Illus. Flexible binding. Price $6.00 


A compact reference book, containing tables, formulae and 
data on plain reinforced concrete, covering the entire field. 


HANDBOOK OF REINFORCED CONCRETE BUILDING 
DESIGN. By A. R. Lord, Consulting Engineer. 261 pages, 
5% x 7%, 156 tables and diagrams. Flexible leather. 

Price $1.00 

A compact yet comprehensive handbook for the designer 
of reinforced concrete buildings. The author has presented 
numerous tables and diagrams developed as time savers 
during his extensive experience in the design and construc- 
tion of buildings. Use of diagrams is illustrated with solu- 
tions of typical design problems. 


CONCRETE PLAIN AND REINFORCED. By the late Fred- 
erick W. Taylor, Sanford E. Thompson, and Edward Smul- 
ski. Vol. J. Theory and design of Concrete and Reinforced 
Structures. 969 pages, 6 x 9, 311 figures, 42 tables, 25 dia- 
grams. Vol. Il. Theory and Design of Continuous Beams, 
Frames, Building Frames and Arches, 688 pages, 6x9, 224 
figures, 5 tables, 31 diagrams, Cloth. Vol. I, $8.00; Vol. 
II, $7.50. 

For more than twenty years “Concrete, Plain and _Re- 
inforced” has been the recognized standard in _ its field. 
Volumes I and II are far more complete than the earlier 
editions that appeared in single volumes. 


REINFORCED CONCRETE AND MASONRY STRUCTURES. 
By Hool and Kinne. 722 pages, 6 x 9, illustrated. Price $6.00 


The work of 14 specialists. This book offers a practical 


and detailed discussion of every important element entering. 


into the design and construction of concrete and masonry 
structures. Particularly noteworthy are the very thorough 
treatments of Reinforced Concrete Buildings, Concrete Forms, 
Chimneys and Concrete Detailing. 


REINFORCED CONCRETE DESIGN SIMPLIFIED. By 
James R. Griffith, Professor of Structural Engineering, Ore- 
gon State Agricultural College. This is the fourth printing 
of a series of 38 full-page simplified design charts based on 
the design regulations approved by the Joint Committee on 
Concrete and Reinforced Concrete, and by the American Con- 
crete Institute. As a designers’ aid these charts are indis- 
pensable, Price $1.00 


ELEMENTARY GUIDE TO REINFORCED CONCRETE. By: 
Albert Lakeman. Seventh edition, revised 1930; 94 pages, 
79 illustrations. Price $1.25 


This book is written for the builder, the student, the fore- 
man, or anyone not having a previous knowledge of the 
principles of reinforced concrete design. Individual chapters 
cover loads and reactions, reinforcement, neutral axis, re- 
inforced concrete beams, bending moments, shearing stress, 
reinforced concrete columns and walls, concrete bases, and 
concrete foundations. 


REINFORCED CONCRETE DESIGNERS HANDBOOK. By 
Chas. E. Reynolds. Published in 1932; 300 pages, 40 design- 
ing tables, 51 illustrations. Price $5.00 


This book contains complete data for the design of all 
classes of reinforced concrete structures, written by an en- 
gineer who is familiar with the designing practice of the 
leading British specialists in reinforced concrete. 


REINFORCED CONCRETE WATER TOWERS, BUNKERS, 
SILOS AND GANTRIES. By W. S. Gray. Published in 1933; 
256 pages, 170 illustrations, 2 folders. Price $4.00 


Written by an author with practical experience, this book 
supplies the designer much needed information on the de- 
sign of structures of these unusual types. The book in- 
cludes many labor-saving diagrams. Other subjects include 
heat transmission through concrete walls and calculation of 
stresses due to hot liquids. A large part of the book is de- 
voted to construction methods and cost estimating. 


REINFORCED CONCRETE RESERVOIRS AND TANKS. 
By W. S. Gray. Published in 1931; 200 pages, 119 illustra- 
tions. Price $4.00 

This book deals in a thoroughly practical manner with 
the design and construction of plain and reinforced concrete 
reservoirs and tanks and other water-containing structures 
both above and below ground level, and both covered and 
poe types. Joints in floors and walls are given special at- 
ention., 


SPECIAL COMBINATION OFFER: $1.50 (or $2.00 for Cement Mill Edition) 


added to the price of any of the above listed 


books will entitle you to one years subscription to Concrete or extend your present subscription 
one year from its present expiration date. Foreign and Canadian subscribers please write for details. 


Book Department of CONCRETE, 400 West Madison Street, Chicago, Illinois 


April, 1934 
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F LURESIT of a new type, a product of the American Fluresit 
Company, Cincinnati, has recently been tested by the H. C. Nut: 
ting Co. of Cincinnati. A report of the tests of concrete cylinders 
made by the Nutting company is available. The addition of Flure- 
sit to mortar or a lean top finish for cement floors, it is said. in- 
creases the strength over 55 per cent. ‘ : 


+ Industrial Literature + 


Brawxnox offers a wide selection of truck mixers and agi- 
tators, in 1, 1%, 2, 3, 4 or 5 cu. yd. sizes, for ready-mixed con- 
crete plants, material dealers and contractors, all described in a 
recent folder. 

Concrete buckets are illustrated in Bulletin 1424. 

Form 1349 illustrates and describes the Blaw-Knox adjustable 
pene cages eee floating and joint finishing. 

orm covers the Blaw-Knox lip cur i i it! 
aster clecea.® p curb rail equipped with 
e 


ibe. is a new catalog being distributed by Universal 
Atlas Cement Co., Chicago, to architects, containing 24 natural 
color reproductions of fine terrazzo and several actual color photo- 
graphs of beautiful terrazzo installations especially helpful in 
visualizing the effects that may be obtained in fine terrazzo floors. 
In addition this book contains specifications for terrazzo work as 
adopted by the National Terrazzo and Mosaic Association. 


Over the Rough Spots is the title of a 24-page booklet on 
floors and their care, just published by the Stonhard Company of 
Philadelphia. It explains how a handy man can repair holes, ruts 
or breaks in factory and industrial floors or platforms, preserve 
and harden concrete floors for longer wear, bonding floor and walls, 
making them acidproof and waterproof, leveling up worn trucking 
aisles, etc., they say, without chipping or chopping of the old 
surface. 
e 


lie Universal Form Clamp Company of Chicago has two pieces 
of literature for distribution—one illustrating and describing their 
form clamps, insert-spreader and rod-cutter with form clamps and 
plain rods; the other, Uni-Forms, with renewable faces for con- 
crete construction. 

e 


Rosser Expansion Joint is the title of a 16-page booklet being 
distributed by the Philip Carey Company, Cincinnati, setting forth 
the advantages of this product for roads and pavements. bridges, 
sea-walls, sewage disposal plants, tunnels, buildings and floors. 


Among the Manufacturers 


Cram BELT COMPANY of Milwaukee, Wisconsin, has re- 
cently completed the transfer to Milwaukee of all of the manufac- 
turing operations of its wholly gwned subsidiary, the Stearns Con- 
veyor Company of Cleveland, Ohio. The last operation to be 
moved to the Milwaukee plant is the manufacture of the Rex- 


Stearns Belt Conveyors Idlers. 
@ 


flier Johnson-Marsh Corporation, producer of the Hunt Process 
and Ritecure methods for curing concrete, has moved its eastern 
office from Long Island City to 52 Vanderbilt Avenue, New York 


City. } 
New literature on these two methods of curing has recently been 


issued. 
® 


Ves T. L. Smith Company, Milwaukee, recently received an or- 
der from the Tennessee Valley Authority for three 3-yard Smith 
mixers to be used in constructing the new Norris Dam near Knox- 
ville, Tennessee. These mixers are of the same general type as the 
six 4-yard Smith mixers at Boulder Dam. 
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Professional Service 


E. L. CONWELL & CO. 


Established 1894 
ENGINEERS -:- CHEMISTS -:- INSPECTORS 
Cement, Chemical and Physical Laboratories 
Tests of Cement, Concrete, Sand, Steel, Cement Block, 
Cement Brick. 
Chemical Analyses of all Commercial Products. 
Complete Technical Supervision of Central Mixed Concrete Plants. 


2024 ARCH ST. PHILADELPHIA, PA. 


J. KAPLAN 
PATENT ATTORNEY 


Washington Loan & Trust Building 
Washington, D. C. 


U. S. and Foreign Patents—Trade-Marks 
Agents in all Foreign Countries 


Liner Advertisements 


Rates for these liners: Five cents per word per insertion, cash in advance, 
minimum one dollar. Copy can be accepted as late as the 24th of any month 
preceding the date of issue. 


For Sale 


MANHOLE—CATCH BASIN 
BLOCK MACHINES 


a real proposition for profit. Rebuilt 

and used machinery in:luding tampers, 

mixers, brick machines, hand and power 

operated. Write for details and prices. 
H. W. LACKEY 


858 East 39th St. Chicago, Ill. 
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PIPE MACHINES 
New and Rebuilt 


Concrete Pipe Machinery Company 
Stroudsburg, Penna. 


FOR SALE OR TRADE—One bird bath and 


one garden bench molds good as new. What 
have you? Wolverine Engineering Company, 
Mason, Michigan. 

SO  ———— ———— 


FOR SALE—Genuine Bargain. Automatic 


Sealing Burial Vault Mold. Sacrifice for $90.00 
F. O. B. Madisonville, Kentucky. H. R. Mann. 


Used, rebuilt equip- 
ment and “Specialty” 
ads in this section are 
read by men who are 
able to buy what they 
need. 


Rates upon request. 


Copy must be received 
not later than the 24th 
of the month preceding 
insertion. 


a 
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VIBRATED 
CONCRETE 


BY BRANFORD EQUIPMENT 


BRANFORD MOULD VIBRATOR (above). 

BRANFORD TABLE VIBRATORS. 

BRANFORD VIBRATOR SPADES (for 
concrete in building forms). 


BRANFORD DOUBLE ATTACHING HEAD 
VIBRATORS (for application by cus- 
tomer). 


BRANFORD CONCRETE PIPE VIBRA- 
TOR (for metal forms). 

PNEUMATIC VIBRATORS for Concrete 
of High Frequency to Suit Any Special 
Purposes. 


Address Dept. 46 


Malleable Iron Fittings Company 
Branford, Conn., U. S. A. 


UNIFORMITY 


In Concrete 
Is Assured by Using 


BARNSDALL ADMIX 


The concrete sections of minimum strength de- 
termine the strength of the structure as a whole, 
regardless of the strength shown by cylinder 
tests. A chain is no stronger than its weakest 
link. Honeycombed sections do not show up in 
cylinder tests and are the weak links in concrete. 
Eliminate the weak links and increase the mini- 
mum strengths by obtaining uniformity with a 
low water-factor siliceous admixture of high 
purity. 


BARNSDALL ADMIX 
(9714% Active Silica) 
Produced by 


Barnsdall Tripoli Company 


Former Name American Tripoli Company, Inc. 1892 
SUBSIDIARY OF BARNSDALL CORPORATION 
Seneca, Mo., U.S. A. 

Dealers and Stocks in Principal Cities 


“Be Square” 
Products Pat. Off.) 


(Reg. U. S. 
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The Heat of Hydration of Portland 
Cement Pastes 


Two Methods of Obtaining Heat of Hydration—Determined 
for Four Major Compounds of Cement—Computing Total 
Heat Liberated At Any Age 


By WM. LERCH} and R. H. BOGUE4 


ABSTRACT 


HEN water is added to portland cement, heat is liberated, the 

rate and amount being a function of the composition of the 
cement. The heats of complete hydration have been determined of 
the four major compounds of portland cement, 3CaO.SiOz, 2CaO. 
SiO», 3CaO.Al,0; and 4Ca0.Al,0;.Fe203. By the use of these values, 
and determinations of the heat of hydration which has occurred at 
any age. the percentage of the total available heat that has been 
liberated at that age may be computed. Two methods are described 
for use in obtaining the heats of hydration; one for ages up to 48 
hours and the other for any age of paste greater than 1 day. 


I. INTRODUCTION 

HEN water is mixed with portland cement, re- 

actions take place as a result of which heat is 

evolved. Under usual conditions of concrete 
construction, the heat is dissipated rapidly by radiation 
and temperature changes within the structure are but 
slight and probably of little consequence. But in concrete 
structures of very large mass, the heat is not readily 
radiated and, especially under hot climatic conditions, the 
mass of the concrete may attain high temperatures. These 
temperature rises cause expansion while the cement is 
hardening, and may result in contractions and cracking 
when the eventual cooling to the surrounding temperature 
takes place. 

Again, during construction in cold weather, special care 
must be exercised in the placing of concrete to insure that 
the grout does not freeze. Since the reactions of hydra- 
tion evolve heat, they are capable of producing a degree 
of auto-protection against an outside temperature which 
might otherwise cause freezing or an inhibition of the 
hardening process. 

For each of the above conditions of construction it is 
desirable that information be available on the total quan- 
tity of heat which may be evolved from the cement and 
especially on the rate at which this heat is liberated. The 


+Portland Cement Association Fellowship, Bureau of Standards, 
Washington, D. C. 

tResearch Director, Portland Cement Association Fellowship, 
Bureau of Standards, Washington, D. C. 

Publication approved by the Director of the National Bureau of 
Standards, U. S. Department of Commerce. Paper No. —— of the 
Portland Cement Association Fellowship at the Bureau of Standards. 
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present investigation was undertaken to determine the in- 
fluence of the cement constitution, surface area and iem- 
perature on the quantity and rate of heat evolution from 
cements, 

It appears that the processes occurring in portland ce- 
ment pastes which affect the quantity and rate of heat 
evolution may be divided into two major classes: the heat 
liberated (or absorbed) by solution of the anhydrous 
materials, and the heat liberated (or absorbed) by ihe 
The problem is 


simplified, however, since, algebraically, the heat of solu- 


precipitation of hydrates from solution. 


tion of the anhydrous materials, plus the heat of precipi- 
tation of the hydrates, is equal to the heat of hydration. 
The term “hydration” as herein used is the more general 
expression which includes whatever of hydrolysis may 
have occurred in any particular case. Furthermore, the 
precipitation of hydrates cannot lag appreciably behind 
the solution of anhydrous materials since the compounds 
involved are but slightly soluble. Hence the net heat 
evolved at any given age following the set of the paste is 
due almost entirely to the hydration which has taken place 
up to the time of test. 

The materials selected for study included the major 
cement compounds’, tricalcium silicate, beta dicalcium sil- 
icate, tricalcium aluminate, and tetracalcium alumino fer- 
rite, a number of laboratory cements prepared from com- 
mercial raw materials and burned in an experimental 
rotary kiln to give clinkers of systematically varying com- 
positions, a number of commercial cements, and several 
definite particle size fractions obtained from one of the 
commercial cements. 


Il. PREPARATION OF THE CEMENT AND CEMENT 
COMPOUNDS 


The cement compounds used in this investigation were 
prepared from chemically pure oxides and burned in an 
up-draft gas fired kiln in the manner described in a pre- 
vious report.” 

The laboratory clinkers* were prepared from commer- 
cial raw materials burned in an eight-foot, gas-fired rotary 


*These clinkers and cements were prepared by W. C. Taylor, of 
the Portland Cement Association Fellowship staff. 
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kiln. The temperatures used in making these cements 
were the minimum temperatures required to obtain com- 
plete, or nearly complete, combination as determined by 
free lime tests.? Gypsum was added to the cement clinkers 
to give 1.8 per cent SOs and the cements were ground in 
a laboratory pebble mill to such fineness that 87.5 -+ 0.5 
per cent passed the No. 200 sieve. 

The commercial clinkers were obtained from the manu- 
facturers. One of these was ground in a laboratory mill 
to the desired fineness and several particle size fractions 
separated from the ground clinker by air elutriation. Ce- 
ments for test purposes were made from the clinker frac- 
tions and the clinker as ground by the addition of 2.5 per 
cent of gypsum. The clinker and gypsum were placed 
together in a small pebble mill with a very light charge of 
flint pebbles and the mill rotated for fifteen minutes to 
accomplish intimate mixing.** 


Ill. APPARATUS AND EXPERIMENTAL PROCEDURE 


Two methods were used to determine the heat of hydra- 
tion of cement pastes: (1) the heat of hydration was cal- 
culated from the differences in the heats of solution, in 
a suitable solvent, of the hydrated and unhydrated cement 
pastes and, (2) the heat of hydration was measured 
directly. 

l. Apparatus and Procedure for Heats of Solution— 
The calorimeter used for measuring the heats of solution 
was designed by R. S. Jessup and P. Rapp in 1925 to 
measure the heat of hardening of cement pastes and was 
later modified by W. Lerch and F. C. Hornibrook for 
heats of solution. The water jacket of the calorimeter, of 
2,500 ml capacity, was constructed of nickel plated brass. 
The jacket contained a well 13 cm deep and 10 em in 
diameter to receive the calorimeter vessel and was pro- 
vided with a cover 2 cm thick connected to the jacket in a 
manner that provided circulation of water from the jacket 
reservoir through the cover. Circulation of the water was 
effected by a motor-driven rotary stirrer made of brass. 
A nicrome wire coil, of 15 ohms resistance, connected 
through a variable resistance to a 220-volt alternating cur- 
rent line, provided the means of heating the water in the 
calorimeter jacket. 

The calorimeter vessel was a cylindrical brass vessel of 
500 ml capacity, plated with gold and provided with a 
bakelite cover 1.5 cm thick containing a groove 0.5 cm 
deep fitting snugly over the rim of the vessel. The air 
space between the calorimeter vessel and its containing 
well in the water jacket was 1 cm in width. The stirring 
of the liquid in the calorimeter vessel was effected by a 
motor-driven rotary stirrer. The shaft of the stirrer was 
so constructed that it made an air-tight joint where it 
passed through the brass tube in the cover of the calorime- 
ter jacket, eliminating diffusion of air between the cal- 
orimeter and its environment. 

The calorimeter was operated adiabatically and obser- 
vations of the temperature differential between the liquid 
in the calorimeter vessel and the water in the surrounding 
jacket were made by means of a 5-junction copper-con- 
stantan differential thermoelement connected to a Leeds- 
Northrup galvanometer with scale. The thermoelement 
junctions were placed in a 0.5 em glass tube, sealed at one 
end, the tubes then filled with paraffin, one tube immersed 


** Obtained through the courtesy of Raymond Wilson, Conserva- 
tion Engineer of the Portland Cement Association. 
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in the liquid of the calorimeter vessel and the other tube 
in the water reservoir of the jacket. When the jacket 
temperature became too low, as indicated by the reading 
on the galvanometer scale, heat could be supplied by 
means of the heating coil in the jacket. If the jacket 
temperature became too high, cold water could be added 
to the jacket to bring about the necessary temperature 
drop. 

Temperature measurements of the liquid in the cal- 
orimeter vessel were made by the use of a calibrated 
5-junction copper-constantan thermoelement junction con- 
nected to a galvanometer and a type K Leeds and North- 
rup potentiometer. The thermoelement junctions were 
placed in glass tubes in the manner previously described, 
one tube being immersed in the liquid in the calorimeter 
vessel, the other tube being immersed in an ice bath. It 
was stimated that the differential temperature readings 
taken in this manner are correct to 0.005 deg. C. over the 
range required. 

The stirrer, glass tube containers and the heating coil 
immersed in the liquid in the calorimeter vessel were 
coated with a cellulose lacquer to protect them from at- 
tack by the solution. For the acid solutions used in this 
investigation, the lacquer provided an excellent protection. 

The heat capacity of the calorimeter, with the vessel 
containing 350 g of solution, was determined with <lec- 
trical energy. The amount of electrical energy input in 
any given experiment was computed from the time, which 
was measured with a 0.2 second stop watch, the resistance 
of the constantan wire heating coil, which was 20.04 ohms, 
and the current flowing through the heating coil which 
was determined by measuring the potential drop across a 
standard one-ohm coil in series with the heating coil. 

The heat capacity experiments were carried out in ihe 
following manner: The apparatus was assembled, ihe 
stirrers set in operation, and the temperature of the cal- 
orimeter vessel and the jacket adjusted to the same initial 
value of 25 + 0.5 deg. C. After equilibrium was estab- 
lished, observations of the calorimeter temperature were 
made in a 15-minute “fore” period. In the 15-minute 
calorimetric “reaction” period, electrical energy was sup- 
plied for about 5 minutes, allowing 10 minutes for equi- 
librium to be established. And, finally, observations of 
the calorimeter temperature were made in a 15-minute 
“after” period. The corrected calorimetric temperature 
rise was taken as equal to the observed rise in temperature 
of the calorimeter from the beginning to the end of ihe 
“reaction” period less the average of the temperature 
changes which occurred in the “fore” and “after” rating 
periods. 

A similar procedure was followed in the heat of solu- 
tion experiments, with the electrical energy being replaced 
by the energy evolved on dissolving the cement in ihe 
solution. In the calorimetric “reaction” period, the cali- 
brated thermoelement was removed from position and 
replaced by a funnel through which the cement, whose 
temperature was 25.0 + 0.5 dee. C., was added at a more 
or less uniform rate for about 5 minutes. Then the fun- 
nel. the end of which extended to about 1 em above ihe 
surface of the solution, was removed and the thermoele- 
ment replaced. In the heat of solution experiments 3 g 
of cement, calculated on the water free basis, were used. 
The amount of solution was 350 g less that amount of 
water which would be added in the cement. 
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The electrical energy supplied for the determination of 
the heat capacity was approximately 2,400 cals., which 
gave a temperature rise of about 7.0 deg. C. The heat 
of solution obtained from the cements and hydrated ma- 
terials varied from 1,450 to 2,200 cals. and the tempera- 
ture rise varied in these experiments from 4.2 to 6.3 deg. C. 

A preliminary investigation of the solubility of port- 
land cement and the cement compounds indicated the 
necessity of using different acid solutions for dissolving 
these several materials. The solvents selected for the solu- 
tion of the cement compounds, the cements, and their 
hydration products were: for tricalcium aluminate, a two- 
normal nitric acid solution; for tetracalcium alumino 
ferrite, a two-normal hydrochloric acid solution; and for 
the calcium silicates and cements, a solution of two-normal 
nitric and 0.25-normal hydrofluoric acids. _ With these 
solvents complete solution was attained in each case. 


2. Apparatus and Procedure for Direct Hydration— 
The calorimeter used for measuring the heats of hydra- 
tion directly was that employed by P. Rapp and C. H. 
Jumper? for measuring the changes in temperature of 
cement pastes during setting, and adopted by W. Lerch 
and R. Briant for determining heat of hydration. The 
procedure in the present experiments was as follows: 
The cement and water were thoroughly mixed in a small 
tin can, copper-constantan thermoelements inserted in the 
paste and the can placed in a double-walled vacuum flask 
which was tightly stoppered with a cork stopper. The 
thermoelements were connected to a recording poten- 
tiometer which recorded the temperature of the cement 
paste at 15-minute intervals. 


During the experiments described in this report, the 
apparatus was set up in a constant temperature room at 
21 deg. + 1 deg. C. (70 deg. + 2 deg. F.), and all mate- 
rials were brought to room temperature before starting an 
experiment. The water was placed in the tin can, the 
cement was then added and thoroughly mixed with the 
water by a mechanical stirrer. The stirring was continued 
for one minute to insure complete and homogeneous mix- 
ing of the paste. Three thermoelement junctions were in- 
serted and distributed through the mass of the paste in 
order to obtain a representative average temperature. 

From the data obtained in this manner, the heat evolved 
by the cement from the beginning of the reaction to any 
given time can be calculated. The total heat evolved at 
any given time is equal to the heat absorbed by the cal- 
orimeter and contents plus the heat lost by radiation to 
the surroundings. For this calculation, it is necessary to 
know the heat capacity and the initial and final tempera- 
tures of the calorimeter and contents, and the rate of loss 
of heat by radiation from the calorimeter. 

The heat capacity of the calorimeter was taken as equal 
to that of the inner wall of the vacuum flask (computed 
from its mass and specific heat) plus the heat capacity of 
the tin can plus the heat capacity of the cement paste 
(calculated as 0.2 and 1.0 cal. per degree for the cement® 
and water, respectively). The radiation loss constant was 
determined for each vacuum flask by observing the rate 
of cooling of a definite quantity of hot water in the tin 
can placed in the flask. 

In each experiment 200 g of cement and 67 ¢ of water 
were used. 

For periods of time longer than 48 hours, this method 
is not practicable because of the small temperature dif- 
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ference which then exists between the calorimeter and its 
surroundings. 

A number of determinations were made with two com- 
mercial cements to determine the reproducibility of the 
results by this method. In 16 experiments (8 each on 2 
cements) the average deviations from the mean values 
were -+-3.2 and 3.0 per cent—or + 1.8 and 2.0 cal. per g 
respectively. The total heats per gram were 57 and 68 
calories, 46 and 55 of which were computed from radia- 
tion and 11 and 13 from the temperature rise of the 
calorimeter. 


IV. Heat Evotvep oN COMPLETE HYDRATION 


The ultimate quantity of heat that can be liberated by a 
cement, in the absence of secondary reactions, is that 
quantity which is evolved on the complete hydration of 
the constituent compounds to the equilibrium condition 
imposed by the conditions of the test. A knowledge of 
the heats of complete hydration of the cement compounds 
permits the computation of the percentage of the total 
available heat that has been evolved at any age of test. 
Accordingly, the heats of complete hydration of the ce- 
ment compounds and of a number of clinkers were deter- 
mined. 


In the preparation of the hydrated materials, the re- 
spective compounds and cement clinkers were ground to 
an impalpable powder and water was added in sufficient 
quantity to produce a paste of approximately normal con- 
sistency. The pastes were thoroughly mixed and placed in 
an Erlenmeyer flask which was then tightly stoppered and 
sealed with paraffin wax. These pastes were allowed io 
hydrate at room temperature for about one month. At that 
time the flasks were broken away from the hardened pastes, 
the latter were reground and mixed with sufficient addi- 
tional water to again give a plastic paste. These mixtures 
were allowed to continue their hydration as before. The 
hardened pastes were reground twice at subsequent inter- 
vals and treated in a similar manner. After this treatment 
microscopic and x-ray examination of the hydrated com- 
pounds failed to reveal the presence of the unhydrated 
compounds, except in the case of beta dicalcium silicate 
which still contained a small amount of unhydrated mate- 
rial, estimated to be about 2 or 3 per cent. Re-examina- 
tions of the hydrated compounds at later ages have shown 
no appreciable changes in the heat values obtained as de- 
scribed and reported below. 


It should be pointed out that the term “complete hydra- 
tion” as used in this investigation refers to a limiting con- 
dition of hydrolysis and hydration which the cement com- 
pounds in mortars and concretes may be expected to ap- 
proach but never to exceed. It is for this reason that the 
values were obtained under conditions of water concentra- 
tion similar to those encountered in mortars and concretes 
rather than in an excess of water. Hence the values given 
may not in all cases denote the theoretical equilibrium 
condition. As an example, it may be mentioned that the 
composition of the calcium silicate in equilibruim with 
saturated calcium hydroxide solution was found to be 
3CaO.2Si02.nH.O. But in mortars the hydrolysis has not 
been found to proceed appreciably beyond the composi- 
tion 2CaO.Si0..nH»O. Hence the values given for the 
“complete hydration” of 3CaO.SiO» and 2Ca0.Si0, repre- 
sent the heats liberated on conversion to 2CaO.Si0Oo.nH2O 
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TABLE I. HEAT EVOLVED ON COMPLETE HYDRATION OF 


Partial analyses of cement compounds and of 
cement clinkers 


CaO Al:0, Fe,O; SiO. MgO B,Os 
CrAmeeeren ree eer 62.3 37.9 0.05 0.01 
(Crd oe ea ee 46.3 20.8 33.0 0.03 
ae Pere ety Pon 738 0.1 0.06 258 
FS leet ee eee Se 65.1 0.1 0.06 344 
0 7. a : 4.4, 0.4 
Niwa se eee Pee pe eae 
Nowe ie) LS 63.7 4.0 49 23.9 Soll 
No. 5 64.7 7.0 2.0 22%) mer 
No. 15 66.6 7.4 Lez 19.8 4.0 
INOWRL taktereee. ee ee 65.4 ctl GE P10) DE ented: 


rather than to the hy 
of 3CaO0.2Si02.nH.O. 

The results obtained from this phase of the investigation 
are given in Table I. The data presented in the table in- 
clude the composition of the materials examined, the heat 
of solution of the anhydrous materials, the heat of solution 
of the hydrated materials on the ignited basis, the heat 
evolved on complete hydration, obtained by the difference 
between these two and, in the case of the cement clinkers, 
the calculated heat of hydration computed from the com- 
pound composition of each clinker. 

It is shown that the heats of complete hydration of the 
cement compounds, as obtained in this study, are as fol- 
lows: 

Tricalcium aluminate 
Tetracalcium alumino ferrite —_ 
Tricalcium silicate 


pothetical equilibruim composition 


207 calories per gram 
__..100 calories per gram 
120 calories per gram 
_ 62 calories per gram 


Four determinations were made on each compound. 
The probable error of the determination is computed to 
be + 3 calories per gram. 

The values given for lime‘ (278.6 calories per gram) 
and magnesia ® (203 calories per gram) were available in 
the literature and were not redetermined in this investiga- 
tion. 

The heat of hydration of 3CaO.Al,03 to 3CaO0.A1.03. 
6H20 has been reported by Thorvaldson * as 214.3 calories 
per gram. Considering the difficulties involved in prepar- 
ing these compounds in pure form, this value is in good 
agreement with results obtained in the present investiga- 
tion. 

The values obtained for the complete hydration of the 
cement clinkers shown in Table I are in fair agreement 
with the values for complete hydration computed from 
the compound composition of the clinkers. The values ob- 
tained for the heat of solution of the anhydrous and hy- 
drated clinkers are larger than the values which would be 
obtained from calculations using the heat of solution of 
the several compounds as given in the table. This is prob- 
ably due to the use of different solvents in determining 
the heat of solution of the several cement compounds. 
However, the heats of hydration of the clinkers when cal- 
culated by this method are identical with the calculated 
values obtained from the heat of hydration factors of the 
individual compounds. The percentage differences between 


the experimental and the computed values are shown to 


range from +3.1 to —8.3, the experimental value being 
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NDS AND PORTLAND CEMENT CLINKERS 
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taken as the basis of comparison. It can not be stated at 
this time if thece divergencies are due solely to experi- 
mental error or if they involve some inherent characteris- 
tics of the cement clinkers whereby the latter differ slightly 
from the cement compounds when prepared separately. 
However, these differences are relatively small. 

The generally satisfactory agreement between experi- 
mental and computed heats of complete hydration leads 
to the belief that secondary reactions, if they occur on the 
hydration of clinkers, are relatively insignificant so far 
as heat transfer is concerned, and that the total heat avail- 
able on the hydration of a clinker may be computed with 
a fair degree of precision from the heats of hydration of 
the constituent compounds. 


The only essential difference in composition between a 
clinker and a cement is the presence of calcium sulfate 
in the latter. This is usually added to the clinker in the 
form of gypsum (CaSOQ4.2H.O) but, during the grinding 
process, the gypsum may have been partially or com- 
pletely dehydrated to plaster (CaSO4.44H2O) or soluble 
anhydrite (CaSO,4) respectively. The calcium sulfate has 
been found to react with tricalcium aluminate hydrate 
during set or early hardening to form calcium sulfo- 
aluminate (3CaO.A1l,03.3CaSO4.31H20). In computing 
the total heat available from the hydration of a cement it 
is accordingly necessary to consider the heat involved in 
the hydration of the plaster or anhydrite and the heat in- 
volved in the reaction of the hydrated gypsum with the 
hydrated tricalcium aluminate to form calcium sulfo- 
aluminate. 

For the reactions— 

CaSO4.4%2H20 (c)+114H20 (1)=CaS04.2H20 (c), and 
CaSO, (c, soluble anhydrate) +2H2O (1)= 
CaSO4.2H20 (c) 
the heats evolved are, respectively, 3.7 and 2.7 kilocalories 
per mol,” or 46 and 34 calories per g SO3. With the usual 
percentages of calcium sulfate in cement, this represents 
a heat value of about 1 cal per g of cement. Inasmuch 
as the extent of dehydration of the gypsum during grind- 
ing is a variable and indeterminate quantity and the heat 
involved is slight, it appears best to avoid the introduction 
of a heat factor for the calcium sulfate hydration in the 

computations of total available heat from cements. 

The heat liberated by the reaction— 
3Ca0.Al203.6H20(c) +3 (CaSO4. 2H20) (c) +19H20(1) = 
3Ca0.A1203.3CaSO4.31 H20 (c) 
was computed to be about 149 calories per g of SO3, This 
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calculation was made from data obtained in the present in- 
vestigation on the heats of solution of 3CaO.Al,03. 
6H.O(c) and 3Ca0.Al,03.3CaSO4.31H2,O(c) in aqueous 
HCl and from the data on CaSO,4.2H,O(c) given in the 
International Critical Tables. Since the foregoing reaction 
has been found generally to occur during the setting proc- 
ess or shortly thereafter, and the value is significant, it 
appears proper to take it into consideration in the com- 
putations of total heat available on the complete hydra- 
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tion of cements. This has been done in the computations 
appearing in Tables II and III referred to later in the 


paper. 


V. Tue Rate or Heat Evo.ution at EARLY AGES BY 
THE Direct HypratTion MetTHop 


A large number of cements have been examined by the 
direct hydration method to determine the quantity of heat 
evolved at ages up to 48 hours. By this method it was 
possible to calculate the heat evolved at hourly intervals. 
Some of these results are presented in the accompanying 
figures which show the values obtained during the first 24 
hours. 

The materials examined in this part of the investigation 
included 61 laboratory cements prepared from commercial 
raw materials to give clinkers of systematically varying 
composition and ten commercial clinkers. Gypsum was 
added to give 1.8 per cent SO; and the materials ground 
to such: fineness that 87.5 + 0.5 per cent passed the No. 
200 sieve. 

In the case of the laboratory cements, the raw materials 
were proportioned with the intent of varying certain com- 
pounds in the clinker and maintaining the other com- 
pounds constant. The clinkers were analyzed, including 
the free jime determination, and the compounds com- 
puted. Although the final computations showed that com- 
positions were not precisely as designed, the nature of the 
effects of composition on rate of heat liberation is clearly 
indicated. 

The results obtained on cements wherein the tricalcium 
aluminate was decreased by substituting ferric oxide for 
alumina are shown in Figure 1. These results indicate 
that each decrease in the tricalcium aluminate content is 
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accompanied by a decrease in the quantity of heat liber- 
ated during the first 24 hours. In the figures, abbrevia- 
tions in the formulas of the compounds have been used 
as follows: 

C3S = 3CaO.Si0 

C.S = 2Ca0.Si02 

CsA = 3CaO.Al1.03 

C,AF aa 4Ca0.A1,03.Fe,03 

Figure 2 shows the effect of decreasing the tricalcium 
silicate and increasing the dicalcium silicate with all other 
factors substantially constant. These results indicate that 
each decrease in the tricalcium silicate content is accom- 
panied by a decrease in the quantity of heat liberated dur- 
ing the first 24 hours, with the exception of cement No. 57. 
This cement contained 2.1 per cent free lime, a compound 
which hydrates rapidly and liberates a large quantity of 
heat per unit weight. 

The results obtained with cements in which the magnesia 
content is varied are shown in Figure 3. In these cements 
the tricalcium aluminate and tetracalcium alumino ferrite 
were maintained constant and the calcium oxide and silica 
were adjusted to maintain a substantially constant tri- 
calcium silicate content. Thus, the dicalcium silicate de- 
creased as the magnesia increased. Varying the magnesia 
content in this manner results in only slight differences in 
the quantity of heat liberated at 24 hours and the results 
show no definite trend with relation to the magnesia con- 
tent. 

The heat data from three commercial cements which 
were ground in a laboratory mill to three degrees of fine- 
ness have shown that the rate with which the heat is lib- 
erated increases with increased fineness. The data on one 
of these cements are plotted in Figure 4. The other two 
cements gave similar results. It is observed that the reac- 
tion occurs earlier with the finer cements but that, at 24 
hours, the total amount of heat evolved is not greatly dif- 
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ferent for the different degrees of grinding. At 48 hours 
the differences became even smaller. 

Still other factors which have been found to contribute 
to the differences in the rate of heat evolution at very early 
ages are the temperature of the paste during hydration, 
the water-cement ratio and the quantity of retarder pres- 
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ent. The effects of these factors, however, become small 
after 48 hours. 

The curves presented in this report, showing the heat 
evolved at various time intervals, are of interest in a con- 
sideration of the processes occurring during the setting 
and hardening of the cement. In general, the curves ae 
tain four distinct phases. There is an initial rise in the 
temperature with all compositions, which occurs during 


the first few minutes. This is followed by a period in 
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which there are only slight thermal changes; the duration 
of this period varies from a few minutes to several hours, 
depending on the composition of the cement. In the third 
phase there is a rapid evolution of heat followed by the 
fourth phase wherein the thermal changes become rela- 
tively slow. 

The initial rise appears to be due to the heat of wetting, 
the mechanical heat of stirring, and probably in part to 
the heat of solution. This is indicated by the observation 
that the maximum temperature of this period has been 
reached in the first few minutes—that is, by the time the 
first temperature reading is recorded. 

The next period, in which there is a very slow evolu- 
tion of heat, is a period in which it appears that the water 
is becoming saturated with the various compounds of the 
cement. The rate of solution is then dependent on the 
relative solubility of the various compositions used, on the 
fineness of the cement, and on the temperature of the paste 
during this period. 

The period of rapid evolution of heat appears to be a 
period of rapid solution of anhydrous material and _pre- 
cipitation of hydrated material. The algebraic sum of 
these processes for the compounds of cement is, at this 
stage, highly exothermic. It has been observed that the 
beginning of this period of rapid evolution of heat occurs 
at about the same time period as that at which the initial 
set takes place.* The layer of hydrated erystals and amor- 
phous hydrated material, deposited around the unhydrated 
portion of the grains, as also the depletion of the solvent, 
tend to retard the further penetration of water and hydra- 
tion of the cement. This results in a diminuation in the rate 
of evolution of heat in the succeeding periods, even though 
the hydration has not approached completion in that time. 

A number of observations support these postulations. 


CONCRETE—Cement MILi Section—A pril, 1934 


CEMENT MILL 


eine study of the process of hydration of tri- 
‘clum aluminate and tetracalcium alumino ferrite gives 
evidence of the formation within a few minutes of rectal 
. a hydrated phase. This would lead to the conclusion 
that these materials dissolve rapidly, which is in agree- 
ment with the nature of the data obtained with those ma- 
terials. The microscopic examination of hydrating trical- 
clum silicate indicates that several hours are required for 
the first crystals of calcium hydroxide to appear and for 
the first evidence of colloidal hydrate formation. The ex- 
periments with beta diéalcium silicate show no evidence of 
this period of rapid evolution of heat. 

Hence, changes in composition of the cement whereby 
the more soluble compounds are diminished may be ex- 
pected to prolong the period of quiescence which precedes 
the rapid rise in temperature. That condition is especially 
noticeable in the cements in which the tricalcium alumi- 
nate is decreased, and is noticeable to a lesser degree in 
cements in which tricalcium silicate is decreased. Like- 
wise, in accordance with the above theory, acceleration of 
the reactions by the physical methods of finer grinding 
of the cements and higher initial temperature is found to 
advance the period of rapid heat evolution. 


All of the heat data obtained on the laboratory cements 
at 48 hours were subjected to a mathematical analysis by 
the method of least squares. As a result of this analysis it 
became apparent that the heat liberated by the hydration 
of the free CaO could not be observed when the percentage 
of free CaO present was not greater than about 0.5 per 
cent. The heat liberated by CaO on complete hydration at 
20 deg. C. was found by Thorvaldson, Brown and Peaker‘ 
to be 278.6 cals/g. Thus, the presence of 0.5 per cent free 
CaO in clinker would, on complete hydration, contribute 
1.4 cals/g of clinker at 20 deg. C. (68 deg. F.), which is 
less than the probable error of the method. Also, the mag- 
nesia was found to be without appreciable effect at 48 
hours and the effect of the dicalcium silicate could not be 
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evaluated because of the very small amount of heat evolved 
by that compound at early ages. 

A solution of the normal equations, in which tricalcium 
aluminate, tricalcium silicate and tetracalcium alumino 
ferrite were assumed to be responsible for all of the heat 
evolved at 48 hours, produced the following values, rep- 


Al 


resenting the heats of hydration at 48 hours contributed 
by each per cent of the above compounds per gram of 
cement: 


‘reaxeralonunas ilove — | 1.50 
‘ThreornlKerrmaay Gulbkeehes 1.00 
Tetracalcium alumino ferrite... 40 


Inasmuch as cement compositions are often reported 
only in terms of the oxide compositions, it may sometimes 
be desirable to interpret the heat data in terms of the 
oxides. Since the percentages of the compounds present 
are a linear function of the percentages of the oxides,'? 
the desired transformations may readily be made. The re- 
sults obtained for the contribution of each per cent of the 
oxides in the cement to the heat evolution at 48 hours of 
one gram of cement are as follows: 


6) eat ae a air rs ae eee + 4.08 
oh LO FSi. Sec PSUR eee os Nee fate ee Uae meee — 7.61 
FN bs 8 JAERI SS SoBe ey Area re — 2.75 
Fe203 Son Ree eens eee Bee ee _ — 2.76 


In applying these data to cements, the percentage of lime 
must be corrected for the lime present in the retarder as 
calcium sulfate. 


On applying the factors given above for the cement 
compounds to the computation of the heat evolved at 48 
hours from the 61 laboratory cements, the calculated and 
experimental heats were found to agree within a probable 
error of + 3 cals/g of cement. 


Ten commercial cements of widely varying composition 
also were examined in a similar manner and equally sat- 


isfactory agreement was found between the computed and 
experimental results. 

Since the rate of heat evolution, in contradistinction of 
the total heat of hydration, is sensibly affected by many 
variables, such as surface area, temperature, available 
water, retarder present, thermal history of the clinker, etc., 
in addition to the composition, the heat factors given above 
can be considered as applying only under the specific 
conditions of manufacture and test imposed upon the ce- 
ments investigated. The value of the data lies in the defi- 
nite effects indicated, due to changes in the composition 
with a given set of conditions, and under these circum- 
stances the effect on the rate of heat evolution at early 
ages due to changes in the percentage of the compounds 
present is clearly shown. 
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Cement Statistics for January 


RODUCTION of port- 


land cement in January, 


1934, showed an increase of 


ents om cement from factorie 


27.8 per cent and shipments 


an increase of 51.0 per cent, 


as compared with January, 


Shit 
Seererecents 
t= 


1933. Portland cement stocks 


at mills were 5.3 per cent 


lower than a year ago. The 


factory value of the ship- 


ments from the mills in 1933 


—6A,086,000 bbls.—is esti- 


Millions of Barrels 


mated as $83,965,000. 


Millions of Barrels 


Relation of Production to Capacity 
(Per Cent) 

The Month 

16.6 

12.9 

! » URS 

eaaae =e 212 

22.1 


Twelve Months 


23.9 
27.6 
23.6 
23.9 
24.5 


January, 1934 _ 
January, 1933 _ 
December, 1933 __ 
November, 1933 _ 
October, 1933 


In this statement of relation of production to capacity the total output of finished 


January, 1934, and of 165 plants at the close of January, 1933, 
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Production, Shipments and Stocks of Finished 
Portland Cement (Barrels ) 
1933 


2,958,000 
is _ 2,502,000 
20,624,000 


1934 
3,779,000 
3,778,000 

19,541,000 


Production, January 
Shipments, January 
Stocks at end of month 


cement is compared with the estimated capacity of 163 plants at the close of 
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* EDITORIAL 


Look to the Highway Market minor respiratory diseases which can be made to ap- 
Bee of the editorial on the front cover of ?°3" pat Gibrejsencus thant they sare 

- this issue will disclose the fact that the healthi- _ Precautionary measures taken at the plant should 
ness of the highway market for cement will depend include the installation of efficient dust-collecting 
in considerable degree on the federal government dPment in all departments where dust is gener- 
during the next twelve months. ated ; periodic medical examination of all men work- 

Borne ohvious reason thai Petetaiee neverne. ing in dusty locations, and the immediate transfer, to 
tered away their highway funds, diverting these spe- a less dusty department, of any workman who shows 
cial taxes to general purposes, state highway pro- mateneie pune HIS So Ne ec AEE Gl 
grams have been crippled to the point where little respirators for all men working at points where stone 
more than maintenance work can be done with the ace aE era if nae ashe OS 
funds available. This deplorable situation can not Sot A a a 
be corrected this year, because the legislatures of Aside from precautionary measures taken at the 
forty-four states will not be in session until 1935. plant, cement companies should support efforts to 
include silicosis among the occupational diseases cov- 


: 3 : P ered by state compensatio : ilicosi 
mate reason for favoring the Cartwright bill calling Fea Resta a Sars A rue cathe yarns acomenety 


for appropriation of an additional 400 million dollars . : 
to continue the federal highway construction pro- peer e es Sey a ie Be ctces ig Su ote 
Sane trial compensation, little inducement remains to - 


The cement industry, therefore, has every legiti- 


tempt the racketeeri ] er. 
The fate of this bill may be decided within a ap thes 


The cement industry should let its voice be car ecm anacoo™ 
Slag Cement 


“ 


‘\ \e ~ 
A Ss UDGING from the number of comments and in- 
he Menace of the BS quiries thus far received as a result of publication 
Silicosis Racketeer : of Prof. Budnikoff’s article on “Producing Clinker- 


léss Slag Cements,” in the March Cement Mill Edi- 
tion of “Concrete,” the American cement industry 
is interested in this subject. 


NDER the heading “Menace of Silicosis on In- 

crease,’ an illustrated article in the October 
(1933) issue of the Cement Mill Edition of ‘Con- 
crete” warned the cement industry of the activities 
of racketeering lawyers and shady doctors in this 
new field of exploitation. 

At the time that article was published these racket- 
eers had confined their attention mainly to the in- 
dustries that use or produce stone or sand having a 
high silica content. The prediction was made that 
in due time they will branch out into other indus- 


There is nothing new in this idea of producing a 
cheaper cement for use in locations where great 
strength is not required; but much difference of 
opinion exists with respect to the methods of attain- 
ing that end. 

Several interesting facts will be found by those 
who study Prof. Budnikoff’s article. For instance, 
the chemical composition of slags suitable for the 
fri manufacture of cement of this type should fall within 

nese in limits— f the blast-furnace slags 

The recent judgment for $25,000 against the Mis- corral LE an iu j 8 
souri petiind ae Company pees that the procuecd ia RIA NER EA IA: Bree Abana 
warning was timely and the prediction well founded. Another important salah, 2 7 ae ; fe At : s 

Unfortunately for the defendant company in a article is seen in his explanation o . S sen re- 
court action of this character, the sympathy of the actions that occur during the process of cooling pe 
jury is easily won by the attorney for the plaintiff. furnace me peste ae prea Sa 
He paints a soul-stirring picture of the ruthless man- describes : au Nene Lata: tate eee AS 
ner in which the unscrupulous corporation has de- slag is regarde es rN cle rt 8 8 
stroyed the health of a poor working man—and un- for cement manu oi uring purp : : 
less the company is prepared in advance, he may get Lt cements of this and related types are to A pro- 
away with his melodrama. duced in large quantity in this country, aN ate 

In this advance preparation lies the company’s ers of portland cement who aie a ie e 
best defense. Such precautionary measures should sources of slag are the eee people to pro ase 
take into account that certain forms of silica dust are them. Under such a situation, wig) attempts ar 
actually harmful, and that cement dust, though clas- be made to sell the pial ts or purposes for 
sified as harmless by all investigators, may induce which they are not suitable. 
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California, come news reports telling of plans for 
the expansion of distributing facilities of the Santa 
Cruz Portland Cement Co. 


1 ROM Portland, Oregon, and from Los Angeles, 


Two New Distributing Plants for Santa Cruz 

At Portland, this company has bought a site for the 
construction of a storage and distribution plant having a 
storage capacity of 60,000 bbl. of cement. Construction 
of the plant is to be started soon. Tentative plans call for 
the construction of a dock, a warehouse, and from 10 to 
12 storage silos. Cement from the company’s manufac- 
turing plant will be shipped in by boat and will be un- 
loaded by compressed air through pipe lines connected 
with the silos. This enables the company to fill orders in 
bulk or sack and to ship out either by rail, water or truck. 
The Portland distributing plant will serve the entire north- 
west. 

At Los Angeles harbor the Santa Cruz company has 
made application for a berth assignment at berth 92, and 
for a pipe-line easement to private land in the rear of that 
dock, from which it is inferred that a distributing plant, 
similar to the one planned for Portland, is contemplated 
at Los Angeles harbor. Distributing plants of this type 
are now maintained by this company in San Francisco, 
Oakland, San Diego, Stockton, and Hawaii. 


Ash Grove Expands 

The Ash Grove Lime and Portland Cement Co. contem- 
plates considerable new construction at the company’s 
Chanute (Kansas) manufacturing plant. The construction 
program, in part, includes the erection of five additional 
storage silos with a total capacity of 100,000 bbl., thereby 
increasing the plant’s storage facilities by 25 per cent. 


Plants Resuming Operations 

The Osborn (Ohio) plant of the Wabash Portland Ce- 
ment resumed operations on March 15, at 15 per cent of 
capacity, adding 30 employes to the former skeletonized 
force. 

At Chattanooga, Tennessee, the Signal Mountain Port- 
land Cement Co. resumed operations on February 27, giv- 
ing re-employment to 120 men, after a shut-down of six 
months. 

The Duluth plant of Universal Atlas resumed opera- 
tions on March 1, on a one-third capacity schedule, after 
having been practically shut down since September 1. 
Re-employment was given to 150 men. 

Another Tennessee plant recently reopened is the Penn- 
Dixie plant at Richard City, while at Manitowoc, Wis- 
consin, the Medusa plant has resumed operations after 
having been closed since September. 

The Lehigh plant at Oglesby, Illinois, has reopened, re- 
employing 250 men, this plant having been shut down 
since last September. 


AA, 
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Cement Plants Start Expansion of 
Distribution Facilities 


Santa Cruz and Ash Grove Announce Construction Plans— 
Many Plants Resume Manufacturing Operations 


La Salle, Illinois, reports the reopening of the Alpha 
plant, near that city, with the re-employment of 200 men. 

Other recent reopenings of cement manufacturing 
plants, as well as increases in rate of production, ‘include 
the Fredonia (Kans.) plant of the Consolidated Cement 
Corp., which resumed operations with a full crew of 100 
men; the Petoskey Portland Cement Co. plant at Petoskey 
(Mich.), scheduled to reopen on April 2; the Universal 
Atlas plant at Hannibal (Mo.), which increased the rate 
of production to 50 per cent of capacity; the Federal 
Portland Cement Co. plant near Buffalo, scheduled to 
employ 50 additional men on April 1; and two plants of 
the Superior Portland Cement Co., the one at Concrete 
(Wash.), re-employing 150 men after a long shut-down, 
and the Seattle plant, which resumed operations at 50 per 
cent of capacity after having been closed since last July. 


Portland Cement Association Regional 
Promotion Meeting 

NTHUSIASM and confidence — but not over-confi- 

dence—prevailed at the regional meeting of the Port- 
land Cement Association at the Palmer House, Chicago, 
on March 16—one of a series of meetings in principal 
cities of the United States and Canada. The tough job 
ahead of the industry was not underestimated, but the 
progress that has been made and the well organized fight 
that is being carried on assured the audience that none of 
the major factors in concrete prosperity are being over- 
looked. 

The morning session was under the chairmanship of 
T. L. Hughes, assistant western sales manager, Lehigh 
Portland Cement Company. B. F. Affleck, president, Uni- 
versal Atlas Cement Company, presided at the luncheon; 
and the afternoon session was piloted by A. M. Fellows, 
sales manager, Alpha Portland Cement Company. 

Lectures, demonstrations, lantern slides, and pep talks 


all contributed their share of valuable and timely infor- 
mation. 


Cement Advance Expected 


It is reported in cement trade circles that an increase in 
the price of cement is looked for at an early date due to 


mounting demand from the building trade and construc- 
tion projects, 


American Chemical Society Meets 


The semi-annual meeting of the American Chemical 
Society was held at St. Petersburg, Florida, March 26 to 


30, inclusive. A report on this meeting will appear in the 
May issue. 
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